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1. INTRODUCTION

The Getting Started Guide introduces the main components and functionality of Kepler, and contains step
by-step instructions for using, modifying, and creating your own scientific workflows. The Guide provides a
brief introduction to the application intedce as well as to applicatiespecific terminology and concepts.
Once you are familiar with the general principles of Kepler, we recommend that you work through a couple
of the sample workflows covered in Section 7 to get a feel for how easy it is tondseadify workflow
components and how components can be combined to form powerful workflows.

1.1. WHAT ISKEPLER?

Kepler is a software application for the analysis and modeling of scientific data. Kieghifies the effort

required to create executable odels by using a visual representation of these proces3esse
NBLINSBaSyidllGdA2yas 2N daOASYOGATAO 62N Ff2645¢ RAALA I @
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FIGURHE: A SIMPLE SCIENTIWWORKLOW DEVELOPED IRKER

Kepler allows scientists to create their own executable scientific workflows by simply dragging and dropping
components onto a workflow creation area and connecting the components to construct a specific data
flow, creating a visal model of the analytical portion of their research. Kepler represents the overall
workflow visually so that it is easy to understand how data flow from one component to another. The
resulting workflow emailed to colleagues, and/or published for shauiitly colleagues worldwide.



Kepler wers with little background in computer science can create workflows stéthdardcomponents,

or modify existing workflows to suit their needs. Quantitative analysts can use the visual interface to create
and share Rrad other statisticalanalysesUsers need not know how to program in R in order to take
advantage of its powerful analytical features; gmogrammed Kepler components can simply be dragged
into a visually represented workflonEven advanced users wilhdi that Kepler offers many advantages,
particularly when it comes to presentirgpmplex programs and analysisa comprehensibleand easily
shared way.

Kepler includes distributed computing technologies that allow scientists to share their data akfiiomsr

with other scientists and to use data and analytical workflows from others around the world. Kepler also
provides access to a continually expanding, geographically distributed set of data repositories, computing
resources, and workflow libraries ¢g, ecological data from field stations, specimen data from museum
collections, data from the geosciences, etc.).

1.2. WHAT ARESCIENTIFIC WORKFLOW®

Scientific workflows are a flexible tool for accessing scientific data (streaming sensor data, medical and
satellite images, simulation output, observational data, etc.) and executing complex analysis on the
retrieved data.

Each workflow consists of atital steps that may involve database access and querying, data analysis and

mining, and intensive computations performed on high performance cluster computers. Each workflow

a0SL) A4 NBLINBaSyiGiSR o0& |y al OG2NE¢ ddopie@idx&aairy3d O2Y
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later sections) form a workflow, allowing scientists to inspect and display data on the fly as it is computed,

make parameter changeas necessary, and-ren and reproduce experimental resufts

Workflows may represent theoretical models or observational analyses; they can be simple and linear, or
complex and no#linear. One of the benefits of scientific workflows is that they candmted, meaning that

' 62N] Ft2¢6 ObYNPPYHEBAY GRIHD LISNF2NY SYOSRRSR dlafao !
a composite actor) is a t@sable component that performs a potentially complex task.

Scientific workflows in Kepler provide accés8 (G KS o6SySTAGA 2F G2RI&Qa 3INRR (S
to distributed resources such as data and computational services), while hiding the underlying complexity

of those technologies. Kepler automates kavel data processing tasks so that sciststican focus instead

on the scientific questions of interest.

Workflows also provide the following:

1 documentation of all aspects of an analysis
9 visual representation of analytical steps
1 ability to work across multiple systems

! Seludascher, B., I. Altintas, C. Berkley, D. Higgins, E. Jaagkr M. Jones, E. Lee, J. Ma&hao. 2005.
Scientific Workflow Management and the Kepler SystBx®1:10.1002/cpe.994



1 reproducibility of a giveiproject with little effort
1 reuse of part or all of a workflow in a different project

To date, most scientific workflows have involved a variety of software programs and sophisticated
programming languages. Traditionally, scientists have used STELLAWNISito model systems
graphically, and R or MATLAB to perform statistical analyses. Some users perform calculations in Excel,
which is useffriendly, but offers no record of what steps have been executed. Kepler combines the
advantages of all of these @grams, permitting users to model, analyze, and display data in oneteasy

use interface.

Kepler builds upon the opesource Ptolemy Il visual modeling system
(http://ptolemy.eecs.berkeley.edugtolemyll/), creating a single work environment for scientists. The
result is a usefriendly program that allows scientists to create their own scientific workflows without
having to integrate several different software programs or enlist the assistaihc@mputer programmers.

A number of readyo-use components come standard with Kepler, including generic mathematical,
statistical, and signal processing components and components for data input, manipulation, and display. R
or MATLARbased statistial analysis, image processing, and GIS functionality are available through direct
links to these external packages. You may also create new components or wrap existing components from
other programs (e.g., C programs) for use within Kepler.


http://ptolemy.eecs.berkeley.edu/ptolemyII/

2. DOWNLOADING AND INSTALLING KEPLER

Kepler is an opesource, crosplatform software program that can run on Windows, Macintosh, or Linux
based platforms. Kepler can be downloaded from the project website://kepler-project.org

Kepler releases are a continual work in progress, and Kepler users are encouraged to contribute to the
product by suggesting new features, and notifying the designe bugs and other problems. See
https://kepler-project.org/developers/geinvolvedfor more information. Community involvement in the

on-going development of Kepler has proved valuaiéeause it allows the system to quickly adapt to the

ySSRa 2F LN} OGAOAYy3 &a0ASyidraidaos ¢2 adle FroNBlFadG 27
list athttp://mercury.nceas.ucsb.edu/ecoinformatics/mailman/listinfo/keptasers

2.1. SYSTEMREQUIREMENTS

Recommended system requirements for running Kepler:

T 300 MBof disk space

512MB of RAMminimum, 1 GB or more recommended

2 GHz CPBhinimum

Java ‘or greater

Network connection (optional). Although a connection is not required to run Kepler, many

workflows require a connection to access networked resources.

1 R software (optional). R is a language and environment for statistical computing and grapdhics, a
it is required for some common Kepler functionality.

= =4 -4 =4

To download and install Kepler, follow the instructions for your system. Downloading the installer files may
be time consuming depending upon your connection.

NOTE: Java 7or greater is required F YR OlFy ©6S 200l AySR FTNRY {dzyQa
http://java.sun.com/j2se/downloadsbr from your system administrator.

Kepler has many actors that utilize R, so installing R is recommenidedivww.r -project.orgl.

2.2. INSTALLING ONWMINDOWS

Follow these steps to download and install Kepler for Windows:

1. Click the following linkhttps://kepler-project.org/users/downloadsand select the Windows
installer.

2. Save the install file to your computer.

Doubleclick the install file to open the install wizard.

4. Follow the steps presented to complete the Kepler installation process.

w


http://kepler-project.org/Wiki.jsp?page=Downloads
https://kepler-project.org/developers/get-involved
http://mercury.nceas.ucsb.edu/ecoinformatics/mailman/listinfo/kepler-users
http://java.sun.com/j2se/downloads/
http://www.r-project.org/
https://kepler-project.org/users/downloads

Once thenstallation process is completa,Kepleishortcuticon will appear on your desktopigure 2
and/or in the Start Menu

kepler

FIGURR: KEPLER SHORTCWONC

2.3. INSTALLING ONMIACINTOSH
Follow these steps to download and install Keegbr Macintosh systems:

1. Click the following linkattps://kepler-project.org/users/downloadand select the Mac install
file.

Save the install file to your computer.

3. Doubleclick the install icon that appears on your desktop when the extraction is complete.
4. Follow the steps presented in the install wizard to complete the Kepler installation process.

n

A Kepler icon is created undekpplications/Keplex.y.

2.4. INSTALLINGON LINUX

Follow these steps to download and install Keplerfiouxsystems:

1. Click the following linkattps://kepler-project.org/users/downloadandselect the Linutar.gzfile.
2. Save the tagzfile to your computer.
3. Change to the directory where you want Kepler installed and untar the tar.gz file.

3. STARTING KEPLER

To start Kepler, follow the instructions for your platform.

3.1. WINDOWS ANDMACINTOSHPLATFORMS

To start Kepler on a P@gubleclick the Kepler shortcut icon on the desktfigure 2. Kepler can also be
started from the Start menu Navigate to Start menu > Aflrograms, and select "Kepler" to start the
application. On a Mac, the Kepler icon is created undgplications/Keplex.y. The icon can be dragged
and dropped to the desktop or the dock if desired.

Themain Kepler application window oper({&igure 3. From this window you can access and run sample
and existing scientific workflows and/or create yowrrocustom scientific workflow. Each time you open


https://kepler-project.org/users/downloads
https://kepler-project.org/users/downloads

an existing workflow or create a new workflow, a new application window will opdaltiple windows
allow you to work onseveralworkflows simultaneously and compare, copy, and paste components
between wokflows

3.2. LINUXPLATFORM
To start Kepler on a Linux machine, use the following steps:

1. Open a shell window. On some Linux systems, a shell can be opened kglicighy anywhere on
the desktop and selecting "Open Terminal". Speak to your system adratoistf you need
information about your system.

2. Navigate to the directory in which Kepler is installed. To change the directory, usé tnmand
(e.g.,cd directory_name).

3. Type./kepler.sh to run the application.

The main Kepler application window opg(fisgure 2.3).From this window you can access and run existing
scientific workflows and/or create your own custom scientific workflow. Each time you open an existing
workflow or create a new workflow, a new apg@ltion window opers. Multiple windows allow you to work

on several workflows simultaneously and compare, copy, and paste components between workflows.

1C



4. BAsIC COMPONENTS INKEPLER

Scientific workflows consist of customizable componerd&rectors, actors, and parametersaas well as
relations and ports, which facilitate communication between the components.

a0 {keplerworkspace_ke. . .arted/02-LotkaVolterraPredatorPrey.xml
e =N JE I E IR
[ Components = Data  Outline ] , | Workflow |
CT Director
Search Components
GY \
(chh) TimedPlotter
( Advanc... \I ( Sources \I Cancel
Al Ontologies and Folders =% l YyPloter ‘ .d:0.1"""'

> Components g —~
> Projects i - - .
> Statistics " Rl Iy I

Actors

Directors

Opendap 8 K !
R T - g Y% Inlegrate n1

yyY yywy

| Integrate n2

-d*n2 + b*n1*n2

This model shows the solution to the classic Lotka-Volterra
predator prey dynamics model. It uses the Continuous Time

¥ sl s (i) domain to solve two coupled differential equations, one that models iy
the predator population and one that models the prey
- B population. The results are plotted as they are calculated showing

both population change and a phase diagram of the dynamics.

Rich Williams, 2003, NCEAS

vialp

M
U

FIGURB: MAIN WINDOW OF KEPR WITH SOME OF TW&JOR WORKFLOW COMEQNS HIGHLIGHTED.

4.1. DIRECTOR ANDACTORS

Kepler uses a director/actor metaphor to visually represent the various components of a workflow. A
director controls (or directs) the execution of a workflow, just as a film director overseast amd crew.

The actors take their execution instructions from the director. In other words, actors speldy
processing occurs while the director specifigsenit occurs.

11



Every workflow must have a director that controls the execution of thekflmw using a particular model

of computation. Each model of computation in Kepler is represented by its own director. For example,
workflow execution can be synchronous, with processing occurring one component at a time in a pre
calculated sequenceé&sPMirectol). Alternatively, workflow components can execirteparallel, with one

or more components running simultaneously (which might be the case wiN ®irector. Asmall set of
commonly used directors come ppackaged with Kepler, but more areadhable in the underlying Ptolemy

Il software that can be accessed as needed. For more detailed discussion of workflow models of
computation, please refer to the Kepler User Manual or fiielemy lidocumentation.

Composite actors are collections or sets of actors bundled together to perform more complex operations.
Composite actors can be used in workflows, essentially acting as a nestedwosdlow (Figure 4. An

entire workflow can be represented as a composite actor and included as a component within an
encapsulating workflow. In more complex workflows, it is possible to have different directors at different
levels.

Input Actor Nested Workflow Output Actor

(e.g., data) (l.e., composite actor) (e.g., display)

FIGURE: REPRESENTATION QO¥ESTED WORKFLOW.

Kepler provides a large set of actors for creating and editing scientific workflows. Actors can be added to

YSLI SNI F2NJ Iy AYRAODGARAZ f Qa SEOf dzaA @3S dzasS | yRk 2N Oty

4.2. PORTS

Each actor in a waflow can contain one or more ports used to consume or produce data and communicate
with other actors in the workflow. Actors are connected in a workflow via their ports. The link that
represents data flow between one actor port and another actor portafled a channel. Ports are
categorized into three types:

1 input port ¢ for data consumed by the actor;
1 output port ¢ for data produced by the actor; and
1 input/output port ¢ for data both consumed and produced by the actor.

12
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http://www.eecs.berkeley.edu/Pubs/TechRpts/2008/EECS-2008-28.html

Each portisconfigured®S SAGKSNJ I aaAy3IdzZ  NE 2N aYdzZ GALX Sé
only a single channel, whereas a multiple input port can be connected to multiple channels. Single ports are
designated with a dark triangle; multiple ports use a hollowartgle.

Workflows can also use external ports and port parameters. See the Ptolemy documentation for more
information.

4.3. RELATIONS

wStlGA2ya tf2¢ dzZaASNRBR (2 G0N} yOKEé | Rinthéwomkflod.é &
For example, acientist might wish to direct the output of an operational actor to another operatiantdr

for further processing, and to a display actor to display the data at that specific reference point. By placing
a Relation in the output data channel, the usan direct the information to both places simultaneously.

4.4, PARAMETERS

Parameters are configurable values that can be attached to a workflow or to individual directors or actors.
For example, théntegratoractor has a parameter calldditialState that should be set to the initial
value of the function being integrated. The parametersiafulation modelactors can be configured to
control certain aspects of the simulation, such as initial values. Director parameters control the number of
workflow iterations and the relevant criteria for each iteration.

The next sections provide an overview of the interface and-byeptep examples of how to open, edit, and
run different scientific workflows.

13
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5. KEPLERINTERFACE

Scientific workflows NBX SRA G SR

YR 0dzAf i

A Hnd-ofép lidtersabThe m@jora A &
sections of the Kepler application winddiigure 3 consist of the following

1 Menu barg provides access to all Kepfeinctions

1 Toolbarg provides access to the most commonly usésplerfunctions

1 Componens,DataAccess, and Outline areaonsists of three tabs. The Components and Outline
tabs contain search functiomand display the library of availablomponents and/or search
resuts. The Outline tab provides an outline view of the workflow.

1 Workflow canvag providesspace for displaying armateatingworkflows.

1 Navigation area; displays the full workflow. Click a section of the workflow displayed in the
Navigation area to selectnd display that section on the Workflow canvas (the small unlabeled
section in the lower left in the screenshot).

K| Unnamed Q@
File Edit Yiew ‘Workflow Tools windo_\v\i ﬂélp
CYCYECYENICIL AL L JP3lAE 4
Comp.mnerlncs Data  OQutline ‘: \If\l
; Nvemwemmt N[ .
Search Components— ~=*1 Component tab ;
e S 1+ + Data tab |
( Advanc.. ) ( Sources ) ( cancel W] .. ... oI -
AT 2Soresy e
__All Ontologies and Folders ﬂ ..................
> a Compenents Il '?
> D Projects '
» B Statjistics ‘:‘x :
> ACtors
(2 Directors
» [Jopendap 0 yTTTITTITITTY
» R Workflow canvas
: g
: Y
g'é;'ér};é;};}.'z,;iia};}i;;;és';},;r'b;.}fs;;'
v
O resuits found. =l
£ )
fi—————=

FIGURE: EMPTY KEPLER WIND®/ITH MAJOR SECTEDANNOTATED.

5.1. THETOOLBAR

The Kepler toolbar is designed to contain the most commonly ¥sgder finctions(Figureb).
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The main sections of the toolbar include:

1 Viewingc¢zoom in, reset, fitand zoom out of thavorkflow on the Workflow canvas

1 Rungrun, pauseand stopthe workflow without opening the Runtime window.

1 Portsg add single (black) anulti (white) input and output port$o workflows; add Relations to
workflows

Qe PO mpcplo e

' ."'i’.ieu.-blg E

FIGURB: ANNOTATED KEPLEFOLBAR

5.2. COMPONENTSDATAACCESSAND OUTLINE AREA

The Components, Data Access, and Outline area contains a library of workflow components (e.g., directors
and actors, under the Components tab), a search mechanism for locating and using data sets (under the
Data tab), and an outline view of the vikflow (under the Outline tab). When the application is first opened,

the Components tab is displayed.

Components in Kepler are arranged in three HigWel categorizations: Components, Projects, and
Statistics Table ). Any given component can be cldigsl in multiple categories, appearing in multiple
places in the component tree. Use any instance of the actorly its categorization is different.

Browse for components by clicking through the trees, or use the search function at the top of the
Compaents tab to find a specific component. For more information about searching for components, see
section6.4.2

Category Description

Components Contains astandard library of all components, arranged
function.

Projects Contains a library of projedpecific components (e.(SEEK
or CIPRes

Statistics Contains a library of components for use with statisti
analysis.

TABLH: COMPONENT CATEGOMESEPLER

15


http://seek.ecoinformatics.org/Wiki.jsp?page=WelcomeToSEEK
http://www.phylo.org/sub_sections/software.htm

Click the Data tab to reveal the Data Access area. From here, you can easily sedteinthi@ridfor
remotely hosted data sets. For more information about searching for data, see sécfidn

5.3. DIRECTOR ANDACTORICONS

Ly YSLX SNE AO02ya LINRPOARS

DA &dzk f
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a single icon; actors are divided into functional categories, or families, withcedefory assigned a visually

related icon Table 2.

Some actor families have a persistent family symbol, other families do not. The majority of the actor icons
use a teal rectangle, though some icons, such as the Data/File Access icons use othendfdpshapes.

In the table below, persistent symbols are noted. For families that do not have a persistent symbol, an
example of one of the icons from that family is displayed. A table that inclitlie®ns for each family can

be found in Chapter 5 of thKepler User Manual.
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Icon

FamilyName

Description

Director

Standalone component that directs the othe
components (the actors) in their execution

Array

Array actors are indicated with a curly brag
Actors belonging to this family are used for geng
array processing (e.g., array sorting).

Composite

Composite actors are represented multiple teal
rectangles becausthey representmultiple actors.
Composite actors are collections of actors bund
together to perform more complex operation
within an encapsulating workflow.

Control

Control actors do not have a persistent fam
symbol. These actors are used to cont
workflows (e.g., stop, psse, or repeat).

Data/File Access

Data/File Access actors do not have a persist
family symbol. Actors belonging to this family rea
write, and query data. The icon displayed here i
data write icon.

N @om o

Data Processing

Data Processing actors assemble, disassemble
update data.




Display

Display actors armdicated by vertical bars. Actol
belonging to this family output the workflow in te
or graphical format

File Management

File Management actors do not have a persistf
family symbol. Actors belonging to this fam
locate or unzip files, for example. The ic
displayed here is a directory listing ito

GAMESS

GAMESS actors erused for computationa
chemistry workflows.

General

Actors that don't fit into one of the other familie
fall into the General family. General actors inclu
email, file operation, and transformation actor
for example. The icon displayed here is a filter ic

GIS/Spatial

GIS/Spatial actors are used to process getap
information

EERE0D =

Image Processing

Image Processing actors are used to manipu
graphics files.

Logic

Logic actors have no persistent family symb
Actors in this family include Boolean switches g
logic functions. The icon displayed here is an eq
icon.

Math

Math actors have no persistent family symb
Actors in this family include add, subtract, integr
and statistical functions. The icon displayed her
used to represent statistical functions (e.g., t
Quantizeractor).

Model

Model actors use a solid arrow. Model actd
include statistical, mathematical, ruleased, and
probability models. Note that icons will inclug
additional symbols further identifying the actq
function.

E

Molecular
Processing

Molecular Processing actorare indicated by ¢
molecule icon in the upper left corner.

Other/External
Program

Other/External Program actors are indicated by
purple rectangle. External Program actors incly

17



R, SAS, and MATLAB actors. The icon displ
here is an R icon.

String actors are indicated with the te
string() String actors are used to manipulate strin

Strin
g in a variety of ways

Utility Utility actorsare indicated with a wrench
Utility actorshelp manage and tune a particuli
aspect of arapplication

Web Services Web Services actors are indicated by a wirefra
globe. Actors in this family execute remo
services.

@

Units Unit components define a system of units.

TABLE: THE MAJOR KEPLERNS

5.4. THE WORKFLOWCANVAS

Scientific workflows are opened, created, and modified on the Workflow canvas. Components are dragged
and dropped from the Component, Data Access, and Outline area to the desired canvas location. Each
component is represented by an icon (see Section 5r3efamples), which makes identifying the
components simple. Connections between the components (i.e., channels) are also represented visually so
that the flow of data and processing is clear.

Each time you open an existing workflow or create a new workfla new application window open
Multiple windows allowyou to work onseveralworkflows simultaneouslyand compase, copy,and pase
components between Workflow canvases

18



6. BASIC OPERATIONS INKEPLER

This section covers the basic operatioin Kepler: opening and running an existing workflow, and some
techniques for editing, designing, and creating your own workflows.

6.1. OPENING ANEXISTINGSCIENTIFIC WORKFLOW

In Kepler, workflows may be written as XML (MoML) or KAR files. A KAR is iar fileha JAR) that

F3aNB3IFiSa Ylye FAtSa Aydaz 2ySo | Aag2N] Ft26 Y! we A
argS I+ 2N}l Ft2¢6 Y!wX dzaS CAfS B hLISyXz CAtS B {I @S
use File > Export As > XML.
The demo workflows discussed here can be opened from the Components tab as shown in Figure 7.
1. hSy GKS &8Stft2g F2tRSNI ylIYSR a5Sy2a¢ G2 asSS GKS
2. hLSy 0KS -a@aNhiSIRg 3 F2t RSN G2 ass deih@s. Ay i NR
- f Unnamed1
CYEN=EIEI A TIO I EE R
fComponents Data | Outline | N Workflow

Search Components

Q ( Search )
o

T =

( Advanced... ) [ Sources ) Cancel

— N

| All Ontologies and Folders

27| big

> @ Components

» [& Projects

» [@ statistics

v Demos

Branching

Database

Looping

Matlab

MultipleTabDisplay

Python

RESTService

SEEK

getting-started

. 00-StatisticalSummary.xml
B 01-simpleAddition.xml
o2 tosavonerrspredtorred
. 03-ImageDisplay.xml

B 04-Helloworld.xml

. 05-LinearRegression.xml

B 06-WebService.xml "

B 07-CommandLine_1.xml A
b

4br

4dvYyvyvvyvrvvwyywy

T

0 results found.

avw

FIGURE: ACCESSING DEMONSIRN WORKFLOWS INETCOMPONENTS TAB.
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3. Doubleclicka workflow file to open it. The workflow will appear in th&/orkflow canvas of the
application window.

6.1.1.EXAMPLE 1: OPENING THELOTKA-VOLTERRA WORKFLOW
In this example we will operhé LotkaVolterra workflow To open this workflow

1. hSy GKS a5S8Sy2aé TFT2tRSNIAYy GKS /2YLRYySyGa

2. Open the Yetting-started' folder, and locate the file named02-LotkaVolterraPredatorPrey.xml

3. Doubleclick thed02-LotkaVolterraPredatorPrey.xgfile. The LotkaVolterra workflow appears in
the Workflow canva®f the application windowfFigure §.

Kepler File FEdit View Workflow Tools Window Help D 4 % = (=] (Charge
00 file:fUsers/staggs/keplerworkspace_ke. . .arted/02-LotkaVolterraPredatorPrey.xml
g ]
[ Components Data Outline | 3 Workflow
Search Components CT Director
(i " ( search
Q ( earc ) . o2
[ Advanc ) ( Sources ) Cancel JTimed Plotier .o
\ AN J ea: 0.1
. : - eh:0.1
All Ontologies and Folders I ]
ed: 0.1
» [& Components XY Plotter
> EI Projects
> EI Statistics
> Actors
> Directors )
> Openda
P p dnl/dt Integrate n
» R
dn fdt Integrator
-d*nZ + b*nl*n2
0 results found.
@

This model shows the solution to the classic Lotka-Volterra
predator prey dynamics model. It uses the Continuous Time
domain to solve two coupled differential equations, one that models
the predator population and one that models the prey

population. The results are plotted as they are calculated showing
both population change and a phase diagram of the dynamics.

Rich Williams, 2003, NCEAS

€
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FIGURB: THE LOTKMOLTERRA WORKFLOWHYE KEPLER INTERFACE

6.2. RUNNING ANEXISTINGSCIENTIFIC WORKFLOW
To run ary existing scientific workflow:
1. Open the desired workflow.

2. From theToolbar, select theRunbutton. ( P> )
3. The workflow will execute and produtiee specifiedoutput.
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OR

=

Openthe desired workflow.

2. From the Menu bar, select Wkflow, then Runtime Window. A Run window will appgigure
9). If the workflow has parameters, they will appdeare.

3. Adjustthe parametersas needed, anthen click theGobutton.

4. The workflow will execute and produdiee specified output. Duringrorkflow execution, you may

select the Pause, Resume, or Stop buttons.

K file:/C:/kepler-1.0.0beta3/demos/gett. . .arted/02-LotkaVolterraPredatorPrey. xml g@
Fle WYiew Workflow Tools Window Help
[ e T 22
Go [ Pause ] [ Resume ] [ Stop ] XYPlotter JJJJ
Model parameters: 401
r 2 sr
an 0.1 |
b: 01 30
d:
0.1 25
Director parameters: 01
timeResolution: 1E-10 157
tartTime:
startTime: 0.0 10
stopTime: 1000
initStepSize: o1 = = . = = = = = = . =
minstepsize: 105 0 1 2 2 4 ] B 7 = ] 10
Stepsize: =] P
S L TimedPlotter 5 ] ]
maxIterations: 20 T T T T T T T T T T T

errorTalerance: 1e-6 0 1
valueResolution: 1e-8 a5 |

hronizeToRealTime:
synchronize ToRealTime O el 4

ODESalver: [ExplicitRK4550lver" :" 251 1
breakpointCDESolver: "DerivativeResolver”

runfheadlength: 0.1 ar ]
class: pholeny. domains. ct.kernel CTMixedSignalDirector | T
semanticType000; urn:lsid: localhost:onto:1: 1#Director il g

FIGURE: THE RUNTIME WINDOBISPLAYING THE K&-WOLTERRA WORKFLOWOCK THE GO BUTTGNRUN THE
WORKFLOW. DIRECTOHDAVIODEL PARAMETHERSN BE EDITEDTNE RUNTIME WINDOWUTPUT IS DISPLAYEO'HE
WINDOW AS WELL.

6.2.1.EXAMPLE 2: RUNNING THE LOTKA-VOLTERRA WORKFLOW WITH
DEFAULT PARAMETERS

The Lotkavolterra model uses the continuous time domain (i.eCa Diector) in Kepler to solve two
coupled differetial equations: one that models the predator population; and one that models the prey
population. The results are plotted as they are calculated, showing both populations change and a phase
diagram. For more information about the model, see Secich2

Torun the LotkaVolterra workflow:
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Open the workflow filey I YSR-[ #inl +2f (G SNNI t NB Rgetlirdydtartet & ¢
directory.

From theMenu bar, selecRun.

The LotkaVolterra workflow will execute with the default pareters and produce two graphs.
The graph labeled TimedPlotter depicts the interaction of predator and prey over(timgthe
cyclical changes of the predator and prey populations oveetpredicted by the modgl The
graph labeled XYPlotter depicts a phase portrditttee population cycle(i.e., the predator
population against the prey populatipriTogether these graphs show how the predator and prey
populations are linkedas prey incrases, the number of predators increasgigure 10

FIGUREO: GRAPHS OUTPUT B¥TOTKAOLTERRA WORKFLOW

6.2.2.EXAMPLE 3: RUNNING THE LOTKA-VOLTERRA WORKFLOW WITH
ADJUSTEDPARAMETERS

To better illustrate the effect of parameters on a workflow, we must first provide some background about

the LotkaVolterra workflow Figure 1}.
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