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IMPORTANT MESSAGES

Pleaseseethe ReleasenotesChapter7 Section7.1 for importantchangesin the facsimile code
generation.PleasecheckmodelrunsbeforeVersion2.9ato makesureif

1. thesettingsarecorrect

2. timesin theoutputfilesarecorrect.

You will find theversionnumberin theheaderof your outputdatafiles andin thefile containing
theheader(usually*.hd).

1



Chapter 1

Intr oduction

Thisdocumentdescribestheapplicationof theEASY compilerwhichprovidesa convenientinter-
facefor themodelingof chemicalsystemsin zeroandonedimensions.This programis basedon
IDL R

� 1 andFacsimile R
� 2

This documentis availableaspostscriptfile andpdf file andhypertext mark-uplanguagefile. It
describestheprogramafteramajorchangein Dec1998.Pleasereferto thereleasenotes(Chapter7)
for thelastchanges.

Theauthorscanbereachedvia emailat� TheoBrauersmailto:Th.Brauers@fz-juelich.de� FranzRohrermailto:F.Rohrer@fz-juelich.de

A EASY www pageis maintainedat ich313.ich.kfa-juelich.de.

1.1 Defining the problem

This programwasdesignedto createan interfacefor themodelingof zero-dimensional(box) and
one-dimensional(1-d)chemicalreactionsandtransportsystems.

Thesetof reactioncanbegivenasthefollowing

����� �� 	 
���
	 ��� 	 � �� 	 
����

	 ��� 	
where 

	 �
and �

	 �
arethestoichiometricfactorsfor specie� in reaction� for eductsandproducts,

respectively. Within thissyntaxsinks(reactionsto Nirvana)thecanbewrittenas� � � � 	 �
wherenoproductsoccur. Sourcesaregivenby������� � � 	
whereQ standsfor thesourcestrength.

1IDL (RSI), the Interactive DataLanguageis a powerful, 4GL applicationdevelopmentsoftwarepackagefor data
analysisand visualization. For further info seeIDL homepage. The programis available for UNIX and Windows
systems.

2Facsimile (AEA Technology)is anefficient, robustandversatilecomputerprogramfor modellingcomplex steady
stateandtime dependentprocesses.lt is especiallysuitablefor solvingchemicalreactionswith diffusionand/oradvec-
tion. For furtherinfo seeFacsimile homepage.Theprogramis availablefor UNIX andWindowssystems.
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1.2. WHAT EASY DOES 3

In additionto chemicaltransformation(includingsinksandsources)thetransporttermis parame-
terizedby a diffusionlike transportterm����� 	 ���� "!$#% �&(') +*� ,�-#/.0&('2123 	 ����465/ ,!7#98 3 	 ���/ ,!$#5
with 3 	 ���� "!$# is the mixing ratio of compound� calculatedfrom

� 	 ���/ ,!$#
and the respective of

temperature
�

andpressure
*
.

Fromthereactionsandthetransportequationthefollowing differentialequationcanbedefined::/;: ! .2��� ;  �&<') =*� "�-#�4?>@� ;  �AB�C*� "�) ED%D%D #,#F8HGI� ;  �AB�C*� 7�J %D%D%D #,# (1.1)

where
; . ��� � ���� "!$#% KDEDED7 "� � ���� "!$#,# denotingthe array of concentrationsof (trace)gasesandAL.M�N& �  EDKDED, �&(OP# denotingfor therateconstantof therespective reaction.

1.2 What EASY does

In generalEquation1.1 cannotbe solved analytically thusnumericalintegration is necessaryto
solveit with respectto initial andboundaryconditions.Facsimile is oneof themostabundantand
well-testedprogramsto solve differentialequationsof the above type. However, it is not always
easyandinstructiveto write Facsimile codein orderto solvea givenproblem.

EASY transformsthesimpleuserwritten code(seeChapter3 for a detaileddescriptionof theuser
code)into a programcodeof Facsimile. Dependingon theuserinputcode— typically foundin a
*.easy file — thedifferentspeciesarehandledassettingsor asvariables.All informationabout
therun is alsoavailablethrougha *.html file giving a fastdebug tool. Facsimile thenhandles
the time dependentor steadystateintegrationof thesetof variables.After the integrationEASY
takescontrolagainanprovidesa numberof toolsto plot outputof theFacsimile run. It is planned
to providemoretoolsover thetime;sensitivity analysishasbeenimplementedrecently.



Chapter 2

Running EASY

Thischapterexplainshow to getEASY to work. This includesthesystemrequirements,thesetup,
andfirst stepsto getEASY running.For adetailedsetof examplespleasereferto Chapter4.

2.1 Beforesetup

EASY requiresIDL whichshouldbeinstalledandtested.A copyof theFacsimile executablewill
bedistributedwith thesetup.

2.1.1 IDL

Thecurrentversionof EASY workswith IDL versions5.1 and5.2 on WindowsNTR
� version4.0

(ServicePack3)andon IBM WorkstationusingAIX. Evenif you recompilethe IDL codethepro-
gramswill notwork with versionsof IDL before5.00sinceweuse’[...]’ for arraysubscribting.

In order to run EASY it is not necessaryandnot advisedto compilethe programyourself. For
the different versionswe provide a set of easy *.sav files which include all routineswhich
arerequiredto run theprogram.However, you shouldhave accessto theeasy startup.pro
routinewhich loadstheeasy *.sav file into your IDL session.

2.1.2 FACSIMILE

A Facsimile executableis foundwithin this distribution. It wascompiledusingtheLahey Fortran
90compilerV4.5 for 32-bitWindowssystemsandthef77 compilerfor AIX usingtheusubrx.f-
file containingthei-o routinesfor large inputandoutputfiles. This versionof EASY doesnot run
with thestandardexecutableof Facsimile sincetheusubr* routinesarerequiredfor properfile
i-o.

ForschungszentrumJülich is the owner of a Facsimile site license. The programmust not be
distributedoutsideForschungszentrumJülich without apermissionof AEA Technologyto doso.

2.2 Setup

TheEASY filesarelocatedon
ich227.ich.kfa-juelich.de/usr/local/icg/icg/idl_source/easy

4



2.2. SETUP 5

2.2.1 dir ectoriesand files

All filesarewithin thedirectoryeasywith a numberof subdirs:

easy

program containingprogramcode

idl idl inputfiles
*.pro
easy.sav

facsimile facsimileexecutable
facsim_b.exe

doc documentationandinfo
easy_doc.html
node*.html
easy_doc.ps

data inputdataandexamples

defaults usefulldefinitions
*.dat
defaults.txt
alias.txt

alpha testuserscriptsduringthealphatestingphase
alpha001.easy
alpha002.easy
alpha003.easy

test v2 testsfor theversion2
*.easy

incoming directoryfor exchangewith testusers

install directoryfor thelocal installationcontaining
easy_install.cmd for a guidedinstallationfor WinNT4.0
easy_remove.cmd for removal of easyonWinNT4.0

Themostconvenientway to useeasyis via the../idl_source/easy/.... directorywhich
canbe usedfrom both Windows andUnix systems.This directorywill alwayscontainthe latest
availableversion.

If you wanta local copyof easyit is advisedto copythewholestructureontoyourworkstationby
theusingtheeasy_install.cmd procedure.

2.2.2 Envir onmentvariables

Be sureto have a numberof environmentvariablessetto therespective values.Thevaluemaybe
differentfor differentworkstations.Pleaseseeyoursystemadministratorif you arenot sureabout
thesesettings.

EDITOR editorprogram
WinNT: C:\programme\pfe\pfe32.exe
Unix: export EDITOR=em

BROWSER html browserprogram
WinNT: C:\programme\netscape\navigator\program\netscape.exe
Unix: export BROWSER=netscpe

GSVIEW viewerprogramfor postscriptfiles
WinNT: C:\Programme\gstools\gsview\gsview32.exe
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Unix: export GSVIEW=gv

FACSIMILE facsimileexecutable
WinNT: C:\easy\program\facsimile\facsimb.exe
Unix: export FACSIMILE=/.../facs_aix

EASY DIR directoryof theeasyprogramfor searchpurposesof files
WinNT: C:\easy
Unix: /usr/.../easy

2.3 Getting started

TheEASY environmentis startedwithin IDL.

1. startIDL

2. loadprogramsav file
IDL Q easy_startup

3. runEASY in theinteractivemode
IDL Q easy

Youwill beaskedfor a file name*.easy andyou can

Thefollowing keywordcanbeusedwhencallingEASY

/TEST ENVIR ONMENT testthesettingof theenvironmentvariables

/NEW EASY FILE opentheEASY usermanual(this file in ghostview), donot run

/HELP VIEW opentheEASY usermanual(thisfile in ghostview), donot run

/SHORT HELP displaya shorthelpinformationmessagewindow, no run

/NO MESSAGE quietmode,nomessagesin thescroll IDL area

/FILE MESSAGE write messagesinto file

/NO TIMING notime informationin themessagefile

/TEST ENVIR ONMENT checkenvironmentvariablesonly, donot runcompilation

/HALT ON ERROR haltonerroranddisplaytracebackinfo (for developingpurposes)

/VIEW HTMLFILE starthtml browserto

/EDIT USERFILE edit theuserinputfile beforestartingthecompileprocess

/GSVIEW PSFILES view thepostscriptoutputfiles aftertherun

/NO CREATE MODEL donotcreatethemodelsav file

/NO FACS FILE donot createthefacsimileinputfile

/NO HTML FILE donotcreatethehtml file

/NO RUN FACS donot run facsimilefrom asa spawnedprocess

/SENSITIVITY run facsimilefor thespecifiedsensitivity studies

/ANALYSIS TOOLS loadanalysistoolsfor output(UNDERDEVELOPMENT)

/KEEP SENSFILES keepsensitivity filesafterrun

/NO DIAGNOSTICS donot run thediagnostics,i.e. donot createpostscriptplots

/NO INTERA CTIVE donot run thewidgetinterface

To starteasyin thenon-interactivemode,with messageswrittento file andstoponerrorthefollow-
ing call shouldbeused:
IDL Q easy, /NO_INTER, /FILE_MESSAGE, /HALT_ON_ERROR

NormallyyoustartEASY usingtheinteractivewidgetenvironmentwhichallowsyouto specifyall
optionsby checkingthe appropirateboxesin the widgetwindow. To starteasyin the interactive
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modejustuse:
IDL Q easy or specifya file name
IDL Q easy /home/ich399/data/test/test1234



Chapter 3

CommandSyntax

This chapterdescribesthesyntaxfor theuserinput file (calleduserfile;*.easy) for EASY. The
purposeof this syntaxis to provide a convenientinterfacefor thecreationof Facsimileinput files.
Thusthis syntaxis intendedto becloselyrelatedto commonlyusedsyntaxfor chemicalreactions.
Eachof thefollowing sectionsdescribesoneof thepossiblecommands.

Theuserfile is aplainASCII file. It mustnotcontainUmlaute or otherspecialcharacters.Multiple
white-spacecharacterslike SPACE andTAB arenot requiredandareremoved beforeprocessing
starts.

Therearethreetypesof commandsused:

pre-processor thiscommandswill beexecutedbeforewriting thelog file
include
Comments
Continuationlines

reactions reactionsareidentifiedby aspecialsyntax
...-->...
...-/->...

assignments definitionsof variables,names,functions,etc.suchas:
INPUT, FUNCTION,K, CITE, GEOMETRY, FILES,INITIAL,

DKDED
multi-box-assignments specialsyntaxfor definitionsof variables,names,functions,etc.

Thesetypeswill beexplainedin thefollowing sections.

3.1 Pre-processorcontrol

A preprocessorwill be executedbeforethe userinput file is interpreted.This preprocessorwill
includerequestedinformationfrom otherfiles,will remove all comments,andwill resolveall con-
tinuationlines. The outputof the pre-processorwill be written to theelog file. This file is an
interpretedcopyof theuserfilewhich canbeusedascontrolandasan inputfile to be includedin
new userscripts.

3.1.1 Included files

The compiler can read one or more other userfileswhich are included via the ’#include’
directive:

8



3.2. REACTIONS 9

; read version1
#include version1.defaults
; overwrite with version 2
#includeversion2.defaults
; user defined include
#include my_last_userfile.txt

Only onelevel of includefiles is processed.If you want to includemorelevels of includefiles,
besureto processyour files before.Multi level includescanbedoneusingtheget_includes
function of IDL. The files to be includedare searchedin the path specifiedin the EASY_DIR
environmentvariableexpandingthetreeof this directorythroughall levels if you have a’+’ sign
in front of thepath.

3.1.2 Commentsand Continuation lines

Commentsandcontinuationlinesarehandledasin IDL .pro files. Commentsareseparatedfrom
codeusinga ’;’ characteratany locationof theinputfile. Any text behind’;’ until theendof line
will beignored.A EASY input line is not (really) limited in length( R 32767chars.).However, if
youwantto breakthelinesfor betterreadabilityyoumustusethe’$’ at theendof eachline which
is continuedin thefollowing line.

; this is a comment
A3=FUNCTION(%1*3.) ; this is also a comment
A = FUNCTION( $

%1 * %2 / %3 )

3.2 Reactions

3.2.1 Defining a reaction

Thereactionsof thechemicalsystemaredefinedusingthefollowing typeof command

f1 * name1 + f2 * name2 --> f3 * name3 + f4 * name4

Thesidesof thereactionareseparatedby a ’-->’ stringwhile theseparatorbetweenthereactants
’name’ on eachsideis ’+’. An optionalstoichometric’factor’ is separatedfrom the nameof
thereactantby ’*’.

As a first stepEASY is runninga programwhich simplifiesthe respective sidesof the chemical
reactionin orderto identify equalreactions

2*NO + O2 --> NO2 + NO2
NO+O2+NO --> 2.00 * NO2

Thesereactionwould be identifiedasoneentry, sinceboth sidesof the reactionwould give the
samesetof namesof thereactantswith thesamesetof stoichometricfactors.

However, reactions

OH + CO --> CO2 + H
HO + CO --> CO2 + H

wouldbe identifiedastwo differententriesto thedatabaseof reactions,sinceOH is differentfrom
HO. Youcanusethealiascommandto identify OH andHO asthesamecompound:

ALIAS[OH]=HO

All occurrencesof HO will thenbeconvertedto OH beforeprocessing.Pleasekeepin mind thatthe
namesof thesubstancesarecase-sensitive.
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3.2.2 Un-defining a reaction

Thereis alsoanun-definingcommandwhich hasthesamesyntaxasthepreviouscommandbut it
removesanentryfrom thesetof reactionsused:

f1 * name1 + f2 * name2 -/-> f3 * name3 + f4 * name4

Undefiningareactionis especiallyusefulif youareusingapre-definedreactiondatabaseto discard
a few reactions.

OH+CH4 --> 1.5*CO + H2O
OH+1.5*CO --> CO2 + 1.0*H
; define NO2/NO3/N2O5 system
NO2 + O3 --> NO3 + O2
NO2 + NO3 --> N2O5
NO2+NO3-->NO+OH+O3
; now undefine 2 previous reactions
NO2 + O3 -/-> NO3 + O2
NO2 + O3 -/-> N2O5
; define a new combined one
2*NO2 + O3 --> N2O5+ O2

Example3.1: Definingandundefiningreactions.Pleasekeepin mind mind thatalwaysthe lastcommand
in a input file matters. I.e. informationreadfrom an includedfile is insertedexactly at the
locationwherethe#include commandappears.

3.3 Assignments

Thecommandlinesin thissectionhave thegeneralappearance:

name[identifier]{optional} = functionname(arguments)

The following sectionsdescribethe differentassignment.In generalyou can assignany name
to any function or variableas long as this nameis different from any of the commands. It is
alsoadvisedto useT for temperaturein K sincethis parameteris usedfor thecalculationof rate
constantswith Arrheniusexpressions.

3.3.1 Parameters

Parametersaredefinedby the usereither to a returnvalueof a function or an elementof a time
seriesto bereadfrom adatainputfile:

parameter_name = functionname(arguments)
parameter_name = INPUT(COL=nnn)

The ’arguments’ of the function can be any other parameteror const number. If
’parameter_name’ is equal to the name of a specieswhich has been defined in one of
thereactionsthenthisspeciesis consideredaparameternotavariable,i.e. it doesnotappearonthe
left sideof the differentialequation.For the optionsof the ’INPUT’ commandseesection3.3.4.
’parameter_name’ shouldnotbeoneof thereservednameswhichareusedfor commands:

FILES INPUT K INITIAL ALIAS
FUNCTION UNIT CITE FACS PLOT
GEOMETRY

Theparameterscanbereadfrom aninput file or bedefinedasa functionof otherparameters.All
speciescanbeeithervariables(appearon theleft sideof andifferentialequation)or parameters.

Thoseparameterswhich are readfrom an input file mustbe columnsof the input file which is
specifiedby the’FILES[dat]’ or ’FILES[enz]’ command.
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T = CONST(295.)
P = CONST(1013.)
CH4 = CONST(2.5E19*1.9E-6)
CH4 = INPUT(COL=4)
OH = CONST(5.e6)
XT = CONST(1./T)

Example3.2: Definingparametersasfunctionsandfrom datainputfiles.

FILES[DAT]=filename
FILES[ENZ]=filename

3.3.2 Functions

Thefunctioncommandis usedto assigna nameto a functionwhich canbeusedto assigndatato a
parameter.

function_name = FUNCTION[code_of_function]

code_of_function canbe a any mathematicaloperationwhich canbe expressedby the op-
eratorsavailable in the Facsimile commandlanguage. (binary operators: + - * / @,
unary functions: sin(..), cos(..), exp(..), log(..), log10(..), artan(..),
tanh(..), randm(..), abs(..), sign(..) and binary functions: amax(..),
amin(..), amod(..) ) Positionalargumentswhich are usedduring the function call are
numberedfrom%1,%2, ...

CONST=FUNCTION[%1]
DENSITY=FUNCTION[%1/(%2*1.379E-19)]
ARRH=FUNCTION[%1*exp(%2/T)]
TROE=FUNCTION[M*%1*(300./T)@%2 $

/(1.+M*%1*(300./T)@%2/(%3*(300./T)@%4)) $
*0.6@(1./(1.+(log10(M*%1*(300./T)@%2 $
/(%3*(300./T)@%4)))**2)) ]

Example3.3: Functiondefinitionsfrom thefile defaults.txt.It is advisedto includedefaults.txtin all user
scriptsin order to have a properdefinition of ArrheniusandTroe functions. The function
CONST is necessaryfor assigningany value. It is not valid to write ABC=5. you mustuse
ABC=CONST(5.).

3.3.3 Initialize

Theinitial commandis usedto assignastartvalueto a variable

INITIAL[variable_name]=function_name(parameters)

wherefunction_name canbea any functionwhichhasbeendefinedin thisuserscriptor any of
includedfiles. variable_name canbeany nameof a speciesin a reaction. This commandis

INITIAL[*]=CONST(1) ; initializes all parameters to 1
INITIAL[OH]=CONST(1E6)
INITIAL[O3]=CONST(xO3*M*1E-9)

Example3.4: Initializing variables

only valid for variables.If a speciesis a parameterthenthiscommandis disregarded.

3.3.4 Input

Theinputcommandis usedto assigna nameto thedatasetin thedatainputfile. Thenamecanbe
any speciesin a chemicalreactionor a parameterto bedefined.A columnof thedatafile is called
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by usingadata_set_name exactly like theheaderof oneof thedatacolumnsin thefile or via a
columnnumber(thefirst columncorrespondsto nnn = 0).

parameter_name = INPUT(COL=nnn)
parameter_name = INPUT(data_set_name)

Thecolumnwith thename’TIME ...’ is alwaysassignedto thetime of therun. This columnis
necessaryfor the operationof the model. You mustnot assigntheparametertime. However you
canassignthecolumnwith time to any otherparameter.

O3 = INPUT(COL=3)
TC = INPUT(TEMP)
xx = INPUT(TIME)

Example3.5: Gettinginput from thedatafile

3.3.5 Alias

Alias namesareusedto identify specieswhichareidentifiedby differentnames:

ALIAS[name0]=name1 name2

If name1 or name2 arefoundin thelist of reactantstheir nameswill bereplacedby name0:

HO + CO --> CO2 + H
ALIAS[OH]=HO hydroxyl

wouldbeconvertedto

CO + OH --> CO2 + H

commonexamplesare Theseandothercommonaliasnamesaredefinedin the file alias001.txt

ALIAS[OH]=HO hydroxyl
ALIAS[HONO]=HNO2

Example3.6: Alias namesdemonstrated

which is partof thisdistribution.

3.3.6 Units

not yet implemented/ under construction

All calculationsin theFacsimile arein unitss, cm-3,K etc. To convert unitsfor input andoutput
of datause:

UNIT[speciename]=unitname

examplesare:

UNIT[NO3]=ppt
UNIT[O3]=ppb

3.3.7 File names

EASY filenamescanbesetthroughthefilescommand:

FILES[default_extension]=filename

wheredefault_extension is usedto identify thefile type.Valid typesare

DAT datainputfile for Facsimile specialformat1

1dat files useoneline of headerwith ’,’ separatedentries. all otherlines of the files areinput datarecordswhich
containnumericalinputonly.
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ENZ datainputfile for Facsimile usingtheenz2 file style

ELOG log file afterpreprocessingtheuserscript

HTML html documentdescribingall variablesusedfor writing thefacsimilefile

FAC facsimileinputfile

OUT facsimileoutputlog file

CS facsimileoutputdatafile for concentrationsandparameters

PD facsimileoutputdatafile for productionanddestructionrates

KV facsimileoutputdatafile for theactualvaluesof therateconstantsandreactionrates

TR facsimileoutputdatafile for theactualvaluesof thetransportmatrixandmixing ratios

Only dat/enz and easy files are input, all other are producedby the program. In addition
postscriptgraphicfiles areproducedfrom thecs, pd, tr, andkv files. Thesefiles have ’.ps’
appendedto therespectivefile namesof theoutputdatafile.

FILES[ENZ]=master1.enz
FILES[ELOG]=my_log
FILES[HTML]=xxxxx
FILES[FAC]=input1
FILES[OUT]=input1
FILES[PD]=pd123.dat
FILES[CS]=cs.dat
FILES[KV]=abc
FILES[TR]=abc

Example3.7: File definitions. In normaloperationit is not necesarryto usethesecommandsinceEASY
will choosetheprojectnamewith therespective defaultextensionto createa filename.

If filename includesanextensionthe extensionin filename is used.If no extensionis pro-
videdthedefault_extension will beattachedto thefilename.If nofilenameis providedfor a
certainfiletypethenameof theuserscriptwill beused.Pleasekeepin mindthatFacsimile requires
DOStype(8.3)filenames.

3.3.8 Citations

Shorttagsfor literaturereferencescanbedefinedby thefollowing :

cite_short=CITE[long citation text]

whereshort_cite is a string (no spaces)defininga tag which canbeusedto identify certain
reactionratesbelongingto a dataset.An examplefollows:

JPL94=CITE[DeMore et al., JPL Reference Publication]
k[OH+CH4-->CH3+H2O]{JPL94}=ARRH[2.7E-12,1800]
k[OH+CH2O-->HCO+H2O]{JPL94}=CONST[1.E-11]

Example3.8: Usageof citations:TheparameterJPL94is usedasashortcutfor thefull reference.

3.3.9 Facsimileparameters

Facsimile canbeinitializedwith somespecialparameters:

2enzfilesusealine&&&&& asseparatorbetweenheaderanddata.Theheadermustat leastcontainCOLUMNx=text
for eachdatacolumnandNUMBER OFCOLUMNS=n.Furtheranddetailedinformationcanbeaccessedfrom ICH313
homepageor at http://ich313.ich.kfa-juelich.de/dataformat.txtHowever, the datamustnot containany non numerical
inputwhichwasallowedin earlierversionsof theenzformat.
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FACS[HMAX]= value
FACS[OUTSTEP]= value
FACS[STEADY_STATE_TIME]= number of seconds
FACS[USUBR_MSG]= 0 / 1

Noneof theseparametersis requiredfor a standardrun. Thetime frameof therun is providedby
theinputfile andoutputis writtenateachnew recordfrom thisfile.

Youmight usethefollowing datafile for a simulationof 1day:

time
0
43200
86400
-1

Example3.9: Datafile for a onedayrun in theDAT formatwith outputat 0 h, 12h, 24h

If youwantto haveadditionaloutputatothertimesyoumighteitheraddlinesto thedatafile or you
mightspecifytheOUTSTEP keyword like in thefollowing example:

FACS[OUTSTEP]= 300

Example3.10: Usingtheoutstepparameterto specifyoutputevery 5 min in additionto theoutputdefined
by theinputfile.

If youwantto runasteadystaterunyoumustspecifythetimeafterwhichyouthink thesteadystae
is reached.PleasspecifytheSTEADY_STATE_TIME keyword like in thefollowing example:

FACS[STEADY_STATE_TIME]= 864000

Example3.11: Usingthesteadystatetime parameterto specifya 10-dayapproximationof thestaedystate
for eacheachinputdataset.

3.3.10 Plot Parameters

Theplot parametersareusedto setupthestylefor thediagnosticplots

PLOT[rows]=number_of_rows
PLOT[cols]=number_of_columns
PLOT[merge]=0 or 1
PLOT[ref_date]=dd.mm.yyyy hh:mm:ss
PLOT[ref_date]=use
PLOT[landscape]=0 or 1
PLOT[pagetitle]=text
PLOT[stamp]=-1 or 0 or 1
PLOT[skip]=
PLOT[missv]=number

TheparameterPLOT[ref_date] caneitherprovide a referencedatecorrespondingto time=0
or if PLOT[ref_date]=use is set the referencetime TIME/ SEC SINCE dd.mm.yyyy
hh:mm:ss providedby the input datafile is usedfor plotting the time axis. If this parameteris
notsettheaxiswill bein secondsasgivenby theinputfile.

3.4 Multi box assignments

Thecommandlinesfor multi box problemdiffer slightly from their previouslydefinedcommands.
In general,thereis anoptionalargumentbox_index which is setin <...> brackets.
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name[identifier]<box_index> = $
functionname(<arguments, .... >)

Nearly all commandsof section3.3 can be modified in order to assignparametersto arraysof
boxes. SinceEASY canwork on 1-dimensionalproblemsonly thereis only oneadditionalindex
for theboxnumber.

3.4.1 Geometry

Facsimile canbeinitializedwith somespecialparameters:

GEOMETRY[NBOX]= number_of boxes
GEOMETRY[BODY]= type_of_body
GEOMETRY[DELTA_H] =<thickness_of_layer>
GEOMETRY[AREA]= <area_between_layers>
GEOMETRY[VOLUME]= <volume_of_the_layer>
GEOMETRY[K_D]=<exchange_parameter>
GEOMETRY[LENGTH]= <length>

Theseparametersarenotrequiredfor aboxmodel,sincenovolumedependedtermsarecalculated.
For a 1-d model you must at least specify the numberof boxes GEOMETRY[NBOX] and the
exchangeparameterGEOMETRY[K_D]. All parametersareassumedto be in the sameunits. If
youspecifythelayerthicknessin meterstheexchangeparameteris givenin metersS /sec.

The GEOMETRY[BODY] commandhasseveral options. It can be set to ONE of the following
values:SPHERE TUBE BARREL CUBE andCOLUMN. Thelatter is thedefaultsetting.Fromthese
body parametersand the respective thicknessspacingthe volumeandsurfaceareaof a layer is
calculatedandusedfor thecalculationof thetransportfrom oneboxto oneor neighboringboxes.

3.4.2 Other commands

All parametersand initial valuescan be setdifferent for eachbox of the model. However, the
rateconstantsof reactionsandthe setof the reactionsthemselvesarearethesamefor every box.
However, you can introduceparametersinto reactionsor rateconstantsin order to run different
chemistrymodelsin thedifferentboxesof themodel.

GEOMETRY[NBOX]=3
GEOMETRY[K_D]=<.5, .5, 1.>
A --> B
B --> C
k[A --> B]=CONST(beta*alpha)
k[B --> C]=CONST(beta*alpha)
alpha<*>=0.01
alpha<1>=0
beta=ARRH(1E-12, 200)
.....

Example3.12: 1dmodel

3.5 Sensitivity Studies

Sensitivity analysisallows there-executionof thea modelwith oneinput parameterchangedby a
factor. With syntaxfor sensitivity youcanspecifyanarbitrarynumberof factorsin orderto change
theinputparameteridentifier over a widerangeof values:
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SENSITIVITY[identifier1]= factor11, factor12, ...
SENSITIVITY[identifier2]= factor21, factor22, ...
SENSITIVITY2[identifier2]= delta

Pleasekeepin mind thatfor every factora full modelrunwill beexecutedwhichmight needmuch
computertime. Even if theSENSITIVITY commandis presentin the EASY script it mustbe
startedvia the/SENSITIVITY keywordor via thesensitivity checkbox of thewidget.

Thesensitivity2

3.6 Analysis tools

The outputof the EASY modelruns is convertedinto time seriesplots asfirst level tool for the
analysisof theoutput. However, often it is requestedto have correlationsbetweendifferentinput
andoutputvaluesof themodelor to getanoverview over thebudgetsor ...

Theselectionmenu

Proposedstructureof aanalysismenu:� selectionof analysis� selectionof columns/ files to berequested� outputof theselectedcolumnsin singlefile !!� plot of selectedcolumnsversusoneothercolumn� correlationanalysis� ....



Chapter 4

Examples

In this chaptera few simpleexampleswill show the applicationof EASY. All exampleswill be
distributedwith theEASY programfor testpurposes.

4.1 Two coupledfirst order reactionsin onebox

In thefollowing wewill simulatethereactionsT �VUW� �
; write down the reactions
A --> B
B -->C
; write down the reaction constants
k[A --> B]{ex1}=CONST(LAMBDA/200.)
k[B --> C]{ex1}=CONST(GAMMA/400.)
; define the function used
CONST=FUNCTION(%1)
; initialize the variables
INITIAL[*]=CONST(1.)
INITIAL[A]=CONST(1000.)
; define the scaling factor
LAMBDA=CONST(1.)
GAMMA=CONST(1.)
; set facsimile parameters
FACS[HMAX]=2
FACS[OUTSTEP]=20
; input data file
FILES[DAT]=1000sec.dat
; cite
ex1=CITE[example1]

Example4.1: EASY codefor asimplesetof 2 coupledreactions.

If you run thisexampleyou startIDL in the easy\program\idl directory

IDL Q easy_startup

IDL Q easy, ’..\..\data\examples\exampl1’

thefollowing outputwill beproduced:� log file includingall commandsof theuserfileandtheincludedfiles� hypertext mark-uplanguagefile

17



18 CHAPTER 4. EXAMPLES� facsimileinputfile, theprogramcodeto runFacsimile: exampl1.fac� facsimileoutputfile, thestatusreportof thefacsimilerun� dataoutputfile for concentrationsandsettings� dataoutputfile for productionanddestructionrates� dataoutputfile for rateconstants� postscriptplot for concentrationsandsettings� postscriptplot for productionanddestructionratesexampl1.pd.ps� postscriptplot for rateconstantsexampl1.kv.ps

4.2 Diffusion of onespecies

columnshapeddiffusion,onespacecoordinateX: �: ! .0& ' :: X � : �: X #Y8 � Z 46�L� X #\[ X]Q_^ (4.1)

�L� X #9.W`_a. ^ [ X@R_b �. ^ [ X@Q_b � (4.2)

FILES[DAT]=1000sec.dat
M=CONST(2.5E19)
Q=CONST(0.)
W=CONST(0.)
Q<0>=CONST(1E10)
W<8>=CONST(1E10)
Q--> A
k[Q-->A]{}=CONST(1.)
A-->
k[A-->]=CONST(.01)
A + W -->
k[A + W-->]{}=CONST(.01)
GEOMETRY[NBOX]=9
GEOMETRY[BODY]=COLUMN
GEOMETRY[K_D]=<.4>
GEOMETRY[DELTA_H]=<4.19,29.3,79.6,155,256,381,532,708,909>
INITIAL[A<0>]=CONST(2.5E10)
INITIAL[A<1:8>]=CONST(1.0)
FACS[HMAX]=1
FACS[OUTSTEP]=5

Example4.2: EASY codefor diffusionof onetracerin acolumngeometry.

Sphereshapeddiffusion,onespacecoordinatec: �: ! .0& 'edc S
:: c � c S : �: c #98 � Z 4f�L� c #g[ chQ?^ (4.3)

For
! �Vi

thestationarysolutionwith arectangularsourcedistribution

�j� c #9.W` a. ^ [ ckR_l �. ^ [ ckQ_l � (4.4)

andtheboundarycondition
�L� i #9. ^ is givenas:

�L� c #m.  n%oqp
�78 c�r � #c s)tCu�v � .xw &<'6y Z

(4.5)
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Theintegrationconstant canbeobtainedby integratingtheprofile
�j� c # :z|{�}�~� �L� c # c S,� c . z|{  }I~� n%o�p ��8�c�

# c � c . z|{ y  yE&<'6y
Z

(4.6)

Understeadystateconditionsthevalueis equalto theproductof sourcestrengthandlifetime
�ey Z

yielding

 . dz|{ �&(' (4.7)

Thetimedependentsolutionfor
�j� c #9. ^ and

�j� c  "!�. ^ #9.0�q� c # is givenby

�L� c  ,!7#�.M� z�{ &('�!$#��q��� S 1 n%o�p �78 c Sz &('�! #�1 n%o�p �78 !Z # (4.8)

FILES[DAT]=1000sec.dat
M=CONST(2.5E19)
Q=CONST(0.)
Q<0>=CONST(1E10)
Q--> A
k[Q-->A]{}=CONST(1.)
A-->
k[A-->]=CONST(.02)
GEOMETRY[NBOX]=12
GEOMETRY[BODY]=SPHERE
GEOMETRY[K_D]=<.05>
GEOMETRY[DELTA_H]=<1.,1.,1.,1.,1.,1.,1.,1.,1.,1.,10.,100.>
INITIAL[A]=CONST(0.0)
FACS[HMAX]=0.1
FACS[OUTSTEP]=1

Example4.3: EASY codefor diffusionof onetracerin aspheregeometry. (diff t1.easy)
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FrequentlyAskedQuestions

5.1 relevant newsgroups

Q: Which arerelevant newsgroupsand information on the web
A: kfa.icg3.forum.idl
kfa.icg3.forum.modell
kfa.forum.idl

5.2 FACSIMILE

Q: Is there a sizelimit for arrays in Facsimile ?
A:

5.3 IDL

Q: Which versionsof IDL can beused?
A: IDL5.0, 5.1,5.2,...

5.4 Easy

Q: What is the maximum number of reactions,species,etc. ?
A: We never testedthatso far. However, thereis a limitation readingtheoutputfiles with IDL in
orderto producepostscriptfiles. A singleline of datamustnot exceed65534charof inputwith is
amaximumof about4600columnsin oneof theoutputfiles.

Q: When are speciesin reactionsparametersand variables?
A: If a specienameoccurson the left sideof anassignmentit is alwayssetto a parameterandit
occursin thesettingssectionof html file. All otherspeciesareassumedto bevariables.

20
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Things to do

analysistools budget
sensitivity
scatterplotsnecessary.
Theanalysistoolsarestill in a preliminarystatus
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Chapter 7

Releasenotes

7.1 notes:1998-july-20

VERSION Versionnumbernow 2.9a

facsimilecode IMPORTANT CHANGEIN FACSIMILE CODEGENERATION
duringa changein the facsimilecodegenerationthecalculationof settingswerecor-
rupted.An errorin thefacsimilecodecouldoccurif a settingwasfunctionof another
setting. Also anerrorwith time handlingin the facsimilecodewascorrected.Please
seetheoutputof yourmodelrunsor askTheoBrauersor FranzRohrerfor furtherinfo.

7.2 notes:1998-july-14

analysistools plot environmentconnectedto analysis

facsimilecode worksnow with onespecie,onereaction,and/oronesetting.However, oneentry
is necessaryfor eachfield.

7.3 notes:1998-may-4

analysistools new sectionwith analysistoolsUNDERDEVELOPMENT

sensitivity analysis new sectionwith sensitivity toolsUNDERDEVELOPMENT

7.4 notes:1998-may-12

warnings extendedwarningshandling(functions,plot parameters,..)

7.5 notes:1998-apr-27

sensitivity new sensitivity section

7.6 notes:1998-jan-31

reactionhandling substancenamesin reactionarecasesensitive

testof multi box column,sphere,tubeandbarrelgeometry

22
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search path for included and data files via environmentvariableEASY DIR

7.7 notes:1998-dec-22

newplot parameters someof theplot optionscanbesetin theuserfile

newwidget interface most of the optionscan be called throughwidget. /NOINTERACTIVE
keywordfor classicstyle

input of enzfile new FILES[ENZ]=....directive

facsimile new versionwith largely enhancedarray sizesand a interfaceto enz files via the
usubr0... usubr5interface

7.8 notes:1998-feb-25

renameto easy.pro etc. the new versionis now calledeasyand the programwill be calledby
easy, ....

7.9 notes:1998-feb-24

newversionof XXX.sav etc.

7.10 notes:1998-feb-20

FILES command files commanddefaultext .DAT for datafile to be readfrom Facsimile (see
easy13tb.log )

UNITS command unitscommandnot yet implemented

7.11 notes:1998-feb-19

dosnames dosnamesarerequiredfor all filesusedby Facsimile

model2facsimile changednsetto nvar in outputloop(seeeasy13tb.log )
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