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VisualGroIMP Motivation

Scientific modelling

Common definition

“Scientific modelling is the process of generating abstract,
conceptual, graphical and/or mathematical models. . . . A scientific
model can provide a way to read elements easily which have been
broken down to a simpler form.”
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VisualGroIMP Motivation

Messy code
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VisualGroIMP Motivation

Software engineering tools
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VisualGroIMP Motivation

Reasons

Knowledge is all on the Web

distributed
very time consuming

Justifiably sceptical

several “great innovations” - without noticeable improvements

Frustrated by the complexity

stick to lowest common denominators
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VisualGroIMP Motivation

Modelling process

. . . or “Modeller’s treadmill”

=⇒ the real limit on what computational scientists can
accomplish is how quickly and reliably they can translate their
ideas into working code
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VisualGroIMP Motivation

Summarize the initial situation

Modelling is often based on programming

Requires programming knowledge / skills
→ Concentration is divided: modelling vs. programming

Developer with:

No or little programming experience → challenge of
programming
Little knowledge of biological systems → challenge of
modelling

Common way of modelling:
Ad hoc

Usually starting ”from scratch”
(initially) no (clear) concept/design
Unsystematic

Extend/change existing models

Getting overview of code more difficult

No reuse =⇒ ”Reinventing the wheel”
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VisualGroIMP Motivation

Aim

Goals:
Low entry threshold: make access simpler
Reuse of software (parts)

independently developed
development by experts
periodic maintenance

Visual support

Side effects:
Reduction of time for a model developer to get familiar with a
system / language
Transparent and flexible modelling process and models
Models that can be evaluated / combined
Models become comparable
Enhancement of quality
Faster model development
Communication between modeller and experimentator is facilitated
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VisualGroIMP Motivation

Current approaches

Modularization

Object-orientation

Structure of the FSPM-Prototypea:
Model control

main.rgg

#init(): void
+grow(): void

Plant definition

OrganS1.rgg

RulesS1.rgg

#applyRules(): viod
-morphologyRules(): void
-cutRules(): void
-transportRules(): void
-organUpdates(): void
-otherRules(): void

Global constants

Parameter.rgg

#initParameters(): boolean
-loadPropertyFile(): void
-loadEnvironmentFile(): void
-loadClimateData(): void
-loadSpeciesParameter(): void

Photosynthesis models

PSModelsIF.java

+setParameter(age:int,par:float,nitrogen:float): void
+<<abstract>> estimatePS(): double

Host.java

+estimatePS(): double

Others

Charts.rgg
-INDI_ID_A: int
-INDI_ID_B: int
-CHARTS: int[]
-CHARTS_VS: int[]

#initCharts(): void
#initUserCharts(): void
#updateCharts(): void
#makeYieldChart(): void

Tools.rgg

#writeLog(line:String)
+evaluateBeta(time,parameter)

PropertyFileReader.java

+load(): boolean

TestPSModels.rgg

#initChart()
#runPSModleTest()

MyFileChooser.java

+getFile(): File

SpeciesParameterS1.rgg

#loadSpeciesParameter(): boolean

Baldocci.java

+estimatePS(): double

JohnsonThornley.java

+estimatePS(): double

LeafC3N2010.java

+estimatePS(): double

KimLieth.java

+estimatePS(): double

LiethPasian.java

+estimatePS(): double

MarshallBiscoe.java

+estimatePS(): double

Thornley.java

+estimatePS(): double

ThornleyN.java

+estimatePS(): double

External parameter files

climateDaily.xlsscenario.ini environment.inispeciesParameter.ini

aM.Henke and GH. Buck-Sorlin unpubl., 2010
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Organ structure:
OrgansS1.rgg

Organ aggregation

OrganParameters
+age: int = 1
+dryWeight: float
+absorbedPower: float
+tempsum: float
+organType: byte

+OrganParameters(rank,order,individual)

M

Organ

+getIndiID()
+getOrganType()
+getAge()
+getAbsorbedPower()
+getDryWeight()
+getFreshWeight()
+isGrowing()
+getSinkDemand()
+getLocalSourecSinkRatio()
+getPotentialAssimilatesForNewGrowth()
+<<abstract>> getPotentialGrowthRate()
+getActualGrowthRate()
+getActualGrowth()
+getMaintenanceRespiration()
+getGrowthRespiration()
-getPS()
+<<abstract>> update()

Seed Root Bud

Leaf

Internode

Peduncle Flower Fruit

Individual
-age: int = 1
-tempsum: float = 0
-temporaryAssimilatePool: float = 0
-sinkDemand: float = 0
-sourceSinkRatio: float = 1

+getIndiID()
+getAge()
+getAgeDays()
+getTemporaryAssimilatePool()
+subFromTemporaryAssimilatePool()
+addToTemporaryAssimilatePool()
+getTemporaryCarbonPool()
+getDryWeight()
+getFreshWeight()
+getMaintenanceRespiration()
+getGrowthRespiration()
+getPotentialAssimilatesForNewGrowth()
+getAbsorbedPower()
+getLeafArea()
+getSourceSinkRatio()
+getAverageSourceSinkRatio()
+getSinkDemand()
-calcSinkDemand()
-getPotentialGrowthRate()
-getActualGrowthRate()
-getActualGrowth()
+getPS()
+maxRank()
+getOverview()
+getAverageSinkStrength()
+getNoOfGrowingOrgans()
+getNoOfOrgans()
+getNoOfShoots()
+update()
+finishStep()
+regulate()

ShootO

+getIndiID()
+getNoOfGrowingOrgans()
+getNoOfOrgans()
+getLeafArea()



VisualGroIMP Methods

Component-based engineering

Well-known engineering technique
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Pre-assembled components

Different, independent
subcontractors



VisualGroIMP Methods

Component-based software engineering

Starts in 1968

Early 1990s: IBM - System Object Model

Microsoft: OLE, COM

Today: many successful software
component models exist

Microsoft (.NET, COM, DCOM, OLE,
ActiveX, COM+)
Object Management Group (CORBA)
Sun Microsystems (JavaBeans, Servlets,
Applets, Enterprise JavaBeans)
OSGi Alliance (OSGi)

=⇒ dividing SW into re-usable
parts

19/47

Component-based Pro-
gramming (e.g. COM)

Distributed Object
Computing

(e.g. CORBA)

Object-oriented Programming
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VisualGroIMP Methods

Component - Definition

“A software component is a unit of composition with contractually
specified interfaces and explicit context dependencies only. A software
component can be deployed independently and is subject to
compositions by third parties.” (C. Szyperski)

“A software component is a software element, that can be connected,
used and executed without changes at any other components according
to a component model and corresponding to composition standard.”
(W.T. Councill)

“A small binary object or program that performs a specific function
and is designed in such a way to easily operate with other components
and applications.” www.webopedia.com

“A component consists of diverse (software-) artefacts. It is re-usable,
closed and marketable, provides services via well-defined interfaces,
covert her implementation details and be used in combination with
other components, . . . ” (Gesellschaft für Informatik)
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http://www.webopedia.com/TERM/C/component.html


VisualGroIMP Methods

Component - Requirements

Basic requirements:

useful functionality

strict encapsulation

re-usability

a component can provide a self description

distributed in binary form

configurable, no persistent state

Additional requirements:

platform-independent

location-independent (distributed)

independent of programming languages

ready for integration and communication (plug-and-play)

independent deployment

GUI aided design
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VisualGroIMP Methods

Actors - Tools - Level of Abstraction
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Developer
Biologist

Developer
Computer
scientist

Diagrams
Visualisation

Programming
Code

Visual description Low level programming
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Developer
Biologist

Developer
Computer
scientist

Diagrams
Visualisation

Programming
Code

Visual description Low level programming

Visual
Programming



VisualGroIMP Methods

Visual programming – OpenAlea-like

Mathematical calculations:

atomic elements for
numbers and operations

visual low level programming
with a “quasi” one-to-one
translation of code to visual
objects

would only shift problems
(and add some we did not
have previously?!)

=⇒ NO equivalent within
VisualGroIMP
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Visual programming – OpenAlea-like
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File input:

three steps and a loop are needed to read a file

=⇒ Equivalent within VisualGroIMP: generic file
reader component
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File input:

three steps and a loop are needed to read a file

=⇒ Equivalent within VisualGroIMP: generic file
reader component

World

TreeScene

<<file>>
FileReader



VisualGroIMP Results

VisualGroIMP - Project
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Library

2-D Editor

User manual



VisualGroIMP Results

VisualGroIMP - Current state

GroIMP Screenshot
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VisualGroIMP - Current state

GroIMP Screenshot
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LeafOrgan

KimLieth



VisualGroIMP Results

VisualGroIMP - Workflow
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VisualGroIMP - Workflow
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VisualGroIMP Results

VisualGroIMP - Current state

Component developer view

Special layout for developers

Not visible for “normal” users

Additional functions: possibility to develop components
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VisualGroIMP Results

Component library
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VisualGroIMP Results

Connectors

Relation Edge type Graph

Usage ∼>
A B

Composition />

A

B
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Connectors

Relation Edge type Graph

Slot −$− >

C

X

Y

p q

r

t

s

a b

Send −s− >

A
<<file>>
inputFile

<<file>>
outputFile
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VisualGroIMP Results

Tool components

“Re-useable” components

Plot(Chart) Switch

<<file>>
FileReader
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VisualGroIMP Results

Wrapper Components for Multi-Language Scientific
Software

Babel tool:

to make scientific software libraries equally accessible from all
of the standard languages

generated glue code

43/47

World

Wrapper

https://computation.llnl.gov/casc/components/#page=home
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World

Wrapper

https://computation.llnl.gov/casc/components/#page=home
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Thank you for your attention!

http://www.uni-goettingen.de
http://www.uni-goettingen.de/de/67072.html
http://www.grogra.de


References

References

William T. Councill, George T. Heineman
Component-Based Software Engineering: Addison-Wesley, 2001, ISBN
0-201-70485-4

Clemens Szyperski
Component Software, Beyond Object-Oriented Programming: Addison-Wesley,
London, 2002, ISBN 0-201-74572-0

Greg Wilson
Where’s the Real Bottleneck in Scientific Computing?: American Scientist,
January-February 2006, Volume 94, Number 1, Page: 5, DOI: 10.1511/2006.1.5

47/47

http://www.americanscientist.org/issues/pub/wheres-the-real-bottleneck-in-scientific-computing/1

	VisualGroIMP
	Motivation
	Methods
	Results

	Acknowledgements
	References

