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What, Why and How of model sharing

The Model-as-a-Resource paradigm for the Model Web ‘
Towards a MaaR framework q!
Conclusions
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What is a ‘scientific model’?

An epistemic artifact
supporting
surrogative reasoning

“..we use one sort of thing as a o s :':--',.

surrogate in our thinking about S

another, and so | shall call this e A S
surrogative reasoning” e e 5

[C. Swoyer, 1991].



Scientific model classificati&'rjﬂ{f.{-'.";'_-'..':_-'f_-'..' i

Representational (e.g., simulation models) vs. non- E
representational (e.g., alternate reality models)

Mechanical vs. mathematical vs. computational
Analogue vs. digital

Input/output semantics vs. operational semantics
Physics-driven vs. data-driven

For the Digital Earth we will focus on
digital computational models




Why sharing models?

For science:
for validation by the scientific community
for documentation
for intercomparison

for re-using in similar or different contexts

For science-based decision-making
for making the decision transparent

for integrated modelling




Why sharing models? o TN S
Open Science/Open Knowledge SURARRREIRREEY”
Transparency Reproducibility Replicability Reusability
Full documentation of Possibility to repeat the Possibility to adapt the Possibility to use the
the knowledge scientific experiment knowledge process process in different
generation process changing elements (e.g., contexts (e.g.,

input data) integrated modelling)




The Model Web

“a dynamic network of
computer models that,
together, can answer more
questions than the individual
models operating alone”

https://doi.org/10.1016/].envsoft.2012.03.007

—G. N. Geller and W. Turner, 2007 “ ° °
a dynamic modelling

infrastructure (Model Web) to
serve researchers, managers,
policy makers and the
general public”

—S. Nativi and G. N. Geller, GEO Model Web



How to share models?

Model-as-a-
Tool

A local or networked
system that makes
possible running
models through a GUI

Transparency
Reproducibility

Model-as-a-
Service

A network service
that can be invoked
to run a model

Transparency
Reproducibility
Replicability

MaaT and Maas fit
well for ‘running’
model, but reuse is
more than running:

Inspection,
Comparison,
Move to another
infrastructure, ...

A Model is a
general resource




Service vs. Resource

Service Resource
“Work done for others™ “Something that can be
used to help™
The provider The user decides
decides what to how to use a

offer as a ‘service’ ‘resource’ * From Cambridge Dictionary online



Architectural styles:

SOA vs. ROA

Service-Oriented
Architectures

Decomposition into distinct
units of logic that machines
(i.e., servers) expose to other
machines (i.e., clients)

Potentially complex actions
offered as a service

Ancillary services (e.g.,
registry)

Dedicated interfaces

Resource-Oriented
Architectures

Resource as items of the
information space

Basic set of actions on
resources (Create-Retrieve-
Update-Delete)

Complex actions as a
workflow of basic actions

Uniform interface

“An architectural style is a
coordinated set of
architectural constraints
that restricts the
roles/features of
architectural elements and
the allowed relationships
among those elements
within any architecture that
conforms to that style”
[R. Fielding, 2000]



CONSTRAINTS

e Client-server /, _________ > -
e Stateless ‘_//' )‘_\ *‘

e Cache 2 RS COTT

e Layered system “\,_/l \“-——

Code-on-demand
Uniform interface:
o identification of resources (= URI)
o manipulation of resources through representations
o self-descriptive messages (= HTTP,...)
o hypermedia as the engine of application state (HATEOAS) (- HTML,..)
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« From Open Knowledge requirements:

o ldentify the logical resources and their necessary "iq
representations (e.g., in HTML and/or other formats)

o Design the functional components respecting the REST
constraints (Client-server, Stateless, Cache, Layered
system, Code-on-demand, Uniform interface)




«GEOSS resource»

+encodin
ModelRepresentation 4

encodedBy

P 0. )
+ modelFormat: ModelFormatType ~algoritm

k

+modelExecutableEncoding

«GEOSS resource»
ObservationalData

«geospatialDatax»

InputData +modellnput

uses—
0.*

«GEOSS resource»
Dataset

configuredBy

«al Ig orithm »
Model

instanciatedBy

+instance || /0.

«process»
ModelRun

«Property»
+ id: String

+model
instance

generates

+model
output 1.%

ModelOutput

«documentations
ModelParameter

ResourceMetadata

ModelMetadata
describedBy

wengines» wenumeration»
ModelEngine supports ModelFormats

format

+executionFramework 1.5

«typed datan

+modelinput i
P ConfigurationParameter

uses
0.*

Logical resources:

The Model Web

Set of resources identified
in the original GEO Model
Web




Input Data
Constraints

Model

Implementation
Information

Input Data

Model Output Data
Constraints Constraints

Model
Description

Model
| Inventory

Model Model Code
<« Implementation &

Model Run Output Data

Data Inventory

Data
Description

“a Model resdufcé is the algorithm that
computationally.deseribes a scientific
representational model”

Computational realization of a logical model
Implemented by a Model Code

MaaR resources

Set of resources identified
for the MaaR core.

Each resource will have
its own hypermedia
representation (plus
others)



Logical components

The REST constraints simplify the
design of (high-level) logical
components:

Clients accessing ‘resources’ through
a uniform stateless interface

Clients able to visualize and navigate
hypermedia

Clients able to run mobile code

Legend
Web resource with hyperlinks

ﬂ User

E] Browser




Building applications, an example..
reproducibility/reusability

USER

The user the Model

Inventory resource.

accesses

The user fills in the fields and
launches the query.

The user selects the link of interest.

The user selects one Model

Description resource.

The user goes back and selects one
Model Implementation resource.

The user goes to the Model Form
resource.

SYSTEM

The system answers presenting a Model Catalog form
with fields for filtered search.

The system answers presenting a form with fields for
filtered search and the results of the previous query as a
list of links to Model resources with a short description.

The system answers presenting the basic
representation of the selected Model resource with a
backlink to the Model Inventory resource, links to Model
Description resources, links to Model Implementation
res
res

STEP USER

7 The wuser selects one of the
predefined scenarios (Reproducibility)
cited in the Model Description
previously read and start the model.

thi

The user downloads the generated
datasets and locally verifies that it
corresponds to what the Model
Description says.

The user goes back to the Model
Form resource.

The user defines a new scenario
(Replicability) selecting a new location,
time and/or input data and runs the
model.

The user downloads the generated
datasets.

SYSTEM

The system answers with some information and a link
to the generated dataset.

The system answers with a form including a map for
selecting a geographical area, a calendar for selecting a
temporal extent, and a drop-down menu for selecting the
input datasets. The form also has a drop-down menu of
predefined scenarios.

The system answers with some information and a link
to the generated dataset.




Building applications, an example../ i

l
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reproducibility/reusability ‘ o

The wuser accesses the Model The system answers presenting a Model Catalog form
Inventory resource. with fields for filtered search.

The user fills in the fields and The system answers presenting a form with fields for Maa R enables new
launches the query. filtered search and the results of the previous query as a reusa bi I ity

list of links to Model resources with a short description.

The user selects the link of interest. The system answers presenting the basic scena rios, but...

representation of the selected Model resource with a
backlink to the Model Inventory resource, links to Model
Description resources, links to Model Implementation

resources and links to previously generated Model Run “the user builds
The user selects one Model The system answers with a scientific paper informing the mOdel,
Description resource. that the model produced a significant scientific result.
prepares a Docker
container, moves
it on a cloud
platform and runs

it"

is too a complex
action! We need a
service for it...



Mixed styles vs multi-style
architectures

Architecture styles are defined
by constraints that guarantee
the system properties.

We cannot mix styles because
this can violate constraints. (E.g.
SOA dedicated interfaces vs. ROA
uniform interface.)

But we can adopt different styles
in different subsystems using
gateways to make them
dialogue.

Legend \
[#] web resource with hyperlinks g User

E Browser

C) Service with service interface

.
2]
i

RESTful side
SOA side



A minimal MaaR Framework'

RESTful subsystem

A RESTful subsystem for interaction Specialind Browser

with resources and building

applications through hypermedia Web Clent

naVigation REST interfaces ©) | Resoure
« REST (uniform) interface Q ®)

Resource Resource
Gateway Gateway

A SOA subsystem for complex
orchestration ©

« Uncostrained interfaces Unconstrained Wi A
interfaces

O Orchestrator Cloud
Platform

Gateways to expose services through
resources.

Model
Packager

“A RESTful API (done right) is ‘ o
Jjust a website for clients with Souid '

a limited vocabulary” ot ) .
. . otires ervice-oriented subsystem
[R. Fielding]




Some thoughts on the MaaR

framework
—STRENGHTS

Separation of concerns
Low entry barrier
Extensibility

Viability

—WEAKNESSES

Multi-style architectures are fragile
Initial deployment complexity
Data and model availability

Multi-disciplinarity
Digital transformation

—OPPORTUNITIES

Governance

—THREATS
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Software and data availability

The paper presents an architectural framework for model sharir S intmduciion
which does not refer specifically to any software solution for imple-
mentation. Section §4.5 mentions a set of technologies (software and 1 1 Sejensific computational models
standards) that could be adopted for the implementation of the proposed

fommewonlc ANl i cioed techiologlés wos avatiabla &% oput Mandarcs or Modelling is an essential activity for modern science. In particular,
n source software from their publishers and developers. A couple of the so-called representational models can emulate the behavior of a well-

software solutions (DAB and VLAB) are developed by authors’ research gelimited system providing useful insights on the world that surrounds

unit and served to implement proof oncept for the proposed s They can come in many different fashions: scale models, analogical

architectural framework. More detailed information on these technolo- g% g 8 LA e € i
' lio N A gies is provided below current scientific practice, mathematical models, which aim
onsigho INaziondle N . DAB (Discovery and Access Br providing a mathematical representation of a real system, are the most

ONRIA

. important ones. In late XIX century and early XX century, mathematics
he o anlag ok g i formalization was a major step that allows expressing mathematical

delle Rice

Cost Free proofs as a mechanical procedure or an algorithm. This development
Software availability d that, if physical proc an be represented by mathematical
GNU Affero General Public L
VLAB (Virtual Earth Laboratory)
= RN
Contact information This dream became a reality ith computers development and the
Programming language v introduction of the computer science. The advent of computers has
oat
Software availability
License GNU Affero General Public Li

CREDITS: This presentation template was ok e e e i e
created by Slidesgo, including icons by Flaticon,
and infographics & images by Freepik.

formulas, and mathematical formulas can be encoded as algorithms,

then some mechanical instrument might emulate physical processes

transformed science and engineering. Based either on physical theories
or on big data proc ntific procedures have been implemented
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