Soft coupling and protocols through open source programming
— the OpenMI standard

Sina Khatami

%" @Sina.Khatami :j@]Sina.Khatami@geo.uu.se

Giuliano Di Baldassarre

R UPPSALA

European Research Council UNIVERSITET Centre of Natural Hazards & Disaster Science



mailto:Sina.Khatami@geo.uu.se

Definitions

* Frameworks, or environments, support modular model development through
provision of libraries of core environmental modelling modules, as well as

reusable tools for data manipulation, analysis and visualisation.

» Workbench is a suite of tools, standards, documents, and resources that collectively

provide a modular environment

* Model interoperation/Interoperability
* Engines (simulators) - Engines, when populated with data, become models

 UML: Unified Modeling Language



Background — model integration and coupling

model integration for at the operational level

software ecosystem for flexible, interoperable, and ever-improving research
» Process interactions

» Integrated approach for environmental management

multidisciplinary research project
» models founded on different concepts, with different spatio-temporal scales, ...
Example

» To explore the cause-and-effect relationships (in a multi-sector system) e.g. between an

emission and its impact on river water quality

» environmental assessment e.g. the effectiveness of regulatory measures on river quality



Platforms — model integration and coupling

 Different frameworks
» Spatial Modelling Environment (SME),

» OpenMI

» Integrated Component Modelling System (ICMS)

» CDMS, etc.
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CSDMS: a community platform for numerical
modeling of Earth surface processes
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BUILD
develop a new model code

COUPLE
combine models for two-way feedback

MODIFY
adapt a model to do something new

LINK
connect model(s) in a one-way workflow

APPLY
use an existing model to do a new thing

REPRODUCE
regenerate a prior result

Taxonomy of model operation tasks

-> higher complexity -
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e Different frameworks
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Some typical component-based systems (in no particular order).

Features Refereaces
The Community Surface Dynamics Modeling System CSDMS is a diverse of experts the dling of earth  Peckham et al {2013)
(CSDMS) surface processes by developi ing, and dit inating i

Spatial Madelling Environment (SME)

Dynamic Information Architecture System (DIAS)

Common Component Architecture (CCA)

Earth System Modelling Framework (ESMF)

Object Modelling System (OMS)

FluidEarth

System for and
Linking European Science and Society
(SEAMLESS)

FRAMES

Common Modelling Protocol (CMP)

BioMA/APES

The Invisible Medelling Environment (TIME)

The Library of Hydro-Ecological Medules (LHEM)

JGrass NewAge

Science and Policy Integration for Coustal System

Assessment {SPICOSA)
Tarsies

Artificial Intelligence for Ecosystem Services (ARIES)

software modules that predict the movement of fluids, and the flux
(production, erosion, transport, and depasition) of sediment and solutes in
landscapes and their sedimentary basins.

SME is an i for high spatial

which links icon-based tools with advanced

computing resorces to support dynamic spatial modelling of complex

systems

DIAS is a flexible, object-based for and
i complex icliscipli imulations of a wide variety of

application contexts.
CCA supports parallel and distributed computing as well as local high-
betw

een in a languagei

manner.

ESMF is based on the principle that complicated applications are broken into

smaller components with standard calling interfaces. A model companent

that implements the ESMF standard interface can communicate with the

ESMF shell and imn»openu with other models.

OMS all and model ion based on

OMS v3. + isahi;hlyim:vpeﬂblemdhﬂuwkghlmnddun;fnmwuklcr
t-based moded and simulation devel le platforms.

The FluidEarth platform is based on the concept of writing a ‘wrapper’ for
software codes, and on providing a generic linking mechanism so that any
model can be linked to any other.

science and a for

The SEAMLESS project
integrated assessment of agricultural systems and the environment.

A feed forward modelling framework, employs the component-based
approach and incorporates data dictionaries for dats exchange. Wrappers are
written for each component to read and write data to the dictionaries. The
framework then manages transfer of data between compoenents during
runtime through an inter-component communication APL

CMP defines a transport protocol and describes a message based mechanism
for packing and unpacking data, executable entry points, and a set of defined
messages to transfer variables and events from one model and/or component
to others involved in a simulation.

The focus of BioMA is to run integrated modelling products against spatial
databases. It is a direct result from the previous component-based framework
called APES, which is aimed 1o estimate the biophysical behavior of
agricultural production systems in response to the interaction of weather, sail
and agro-technical management oplions.

TIME simplifies the task by providing a high level, metadata driven
environment for automating common tasks, such as creating user interfaces
for models, or optimizing model parsmeters. Thhreﬂuculhalmhgmne
for new while the use of

gives advanced users unbridled flexibility,

LHEM (http://giee uva edu/LHEM) was designed to create flexible
landscape model structures that can be easily modified and extended to suit
the requirements nhvuiuyolgukanﬂmmuﬁu

JGrass-NewAge is 4 system for hyd, and of
water ruuurm at the basin scale It has been designed and implemented to
ison of ing solutions and

modelling results in a straightforward manner.
The multi-disciplinary project SPICOSA used a common, component-based
‘ : for v e

The framework facilitates fast, powerful model development by providing a
system for implementing separate model elements as autonomous modules,
which may then be tightly and flexibility integrated. It is object-oriented,
with integration of modules achieved through the sharing of common objects
(and was the precursar of TIME)

Aweb ication to assess services and their values to
humans in order to make environmental decisions easier and more effective
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Moore et al. (2007)
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Background — openMlI

OpenMI Association https://publicwiki.deltares.nl/display/OPENMI/Home

OpenMl is a standard for coupling environmental numerical models
developed by a series of European research projects over a period of over ten years
Originally integrated water resource management - environmental management

Individual models are adapted to become OpenMI components

» allowing independent numerical model components to interact (exchange data)

» without fundamental changes to the core of the components themselves '

OpenMI


https://publicwiki.deltares.nl/display/OPENMI/Home

Background — openMlI

OpenMI Association https://publicwiki.deltares.nl/display/OPENMI/Home

OpenMl is a standard for coupling environmental numerical models

developed by a series
Originally integrated w
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» without fundamental cl

Computation

Output(s) |

(a) Typical application

Model I ?
s Linkable Outpul
xchange Component Exchange
tems O Items
(targets) = (sources)
gne e
I(computation)l

el

(b) OpenMI representation

UIJCI Il'l7|


https://publicwiki.deltares.nl/display/OPENMI/Home

Background — openMlI

* It is an open standard and available through the Open Geospatial

Consortium (OGC) (http://www.opengeospatial.org/standards/openmi).

» OGC: is an international consortium of more than 500 businesses, government agencies,
research organizations, and universities driven to make geospatial (location) information

and services FAIR - Findable, Accessible, Interoperable, and Reusable.
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OGC® Open Modelling Interface (OpenMIl) Interface OGC Standards

Standard
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Protocols and Standards

Environmental Modelling & Software
Volume 122, December 2019, 104549

Introductory overview: The OpenMI 2.0
standard for integrating numerical models
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Protocols and Standards

Structure: The OpenMI 2.0 interfaces act as a code wrapper around

the core numerical model code.

» Migrating models (wrapping pattern)

Exchange ltems

» Only Exchange Items will be able to be passed from one numerical model to

another via the OpenMl interface.
Parameters and units
Spatio-temporal structure

Adopters

10



Protocols and Standards

* Adapters

» Two independently developed OpenMI 2.0 compatible numerical models can have their

inputs and outputs connected according to the desire of the modeller: input exchange

items to output exchange items.

» Requires adjustment Mot

Model 2

Initialise Initialise
—~ L &
Run ADAPTOR Run

- ‘ -
- - ) "
Finalise Finalise
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Protocols and Standards — Example for interoperability

Scientific variables are multi-faceted: a phenomenon of observation, physical quantity being
measured, spatiotemporal context and reference, mathematical operations applied to transform the

physical quantity, etc.

terminology varies across disciplines = semantic mediation task two variables represent

compatible concepts

Standard Names (by CSDMS)

object part (a phenomenon or object of observation)
quantity part ()
land_surface_water__runoff_volume_flux

The double-underscore ___ separates the object (surface water on land) from the quantity
(the volume flux of runoff). The word “flux” implies a quantity per time per surface area, and

thus the implied dimensions are length per time. 5



Protocols and Standards — Example for interoperability
* Making models OpenMI 2.0 compliant

» if it implements a set of interfaces that can connect to and interact with the OpenMI 2.0

component interface IBaselLinkableComponent or its specialisations

Thus, making a numerical model OpenMI 2.0 compliant can be achieved in two steps:

« Step 1: Prepare the numerical model code to be consistent with the principles
outlined in the above and for mapping to the OpenMI 2.0 interfaces. In particular this
applies with respect to Control and Structure, tidy and accessible arrangement of
input and outputs to be accessed through Exchange Items, clear definitions of
Parameters and Units, clear definition of Spatio-Temporal Structures, and
understanding of any potential requirements for use of Adaptors.

» Step 2: Connect the relevant attributes of the numerical model into the OpenMI 2.0
interfaces i.e. ‘'wrap’ the model. Software Development Kits (SDKs) are provided with
implementations of OpenMI to aid developers in this task (Harper et al., 2016,
Harpham et al., 2014).
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Implementations of openMI 2.0 — two main components

» Software Development Kit (SDK) to facilitate the wrapping of numerical models into

OpenMI 2.0 components

* a Graphical User Interface (GUI) to assemble compositions of components into

compositions and to run these compositions

Modeller

LinkableComponent

LinkabhleComponent

File View Tools Help

Comgaetsn  Hus Composson

<<pondEast>> <<pondWest>>
i H
- |
<<run composition>> -‘-l s
loop | | i
/ [— run:timesteps() !
 je— ‘
get:Data() ]

run:t1lmesteps()

pondFlow

Add  Import Run

<
FluidEarth

p2_pondWest p2_pondEast
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Resources for future work...

The paper definition of OpenMI can be obtained from its associated OGC (Open
Geospatial Consortium) standard definition at
https://www.opengeospatial.org/standards/openmi /.

Object interface libraries for OpenMI 2.0 standard can be obtained from its associated
Source Forge project, https://sourceforge.net/projects/openmi/ /. They have been
prepared in Java and C#, together with other supporting material.

The OpenMI Association website is available at http://openmi.org .
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