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Preface

Disclaimer

ThePDFFIT softwaredescribedin this guideis providedwithout warrantyof any kind. No liability is takenfor any
lossor damages,director indirect, thatmayresultthroughtheuseof PDFFIT. No warrantyis madewith respectto
this manual,or theprogramandfunctionstherein.Thereareno warrantiesthattheprogramsarefreeof error, or that
they areconsistentwith any standard,or thatthey will meettherequirementfor aparticularapplication.Theprograms
andthemanualhave beenthoroughlychecked. Nevertheless,it cannot beguaranteedthat themanualis correctand
up to datein everydetail.ThismanualandthePDFFIT programmaybechangedwithoutnotice.
PDFFIT is intendedasapublicdomainprogram.It maybeusedfreeof charge.Any commercialuseis, however, not
allowedwithoutpermissionof theauthors.
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UsingPDFFIT

Publicationsof resultstotally or partiallyobtainedusingtheprogramPDFFIT shouldstatethatPDFFIT wasusedand
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PROFFEN, TH. & BILL INGE, S.J.L. (1999)"PDFFIT, a Programfor Full Pro�le StructuralRe�nement
of theAtomic Pair DistributionFunction"J. Appl. Cryst., 32, 572-575
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Chapter 1

PDFFIT commands

1.1 Summary

Hereis ashortsummaryof thePDFFITspeci�c commandscurrentlyavailable:

alloc : Allocates space for calculating PDFs without reading data
bang : Calculates bond angles with standard deviations
blen : Calculates bond lengths with standard deviations
calc : Calculates PDF from current structure
cycle : Sets the maximum number of refinement cycles
i/jdese : Selects atoms used for calculating the PDF
i/jsele : Deselects atoms used for calculating the PDF
occ : Sets occupancy for a given site
par : Sets a parameter definition
phase : Switches active structural phase
psel : Associates structural phases with data sets
range : Sets r-range used for refinement
read : Reads structure and PDF data files
reset : Resets PDFFIT
run : Starts a refinement
save : Saves resulting structure, PDF data and fit results
scat : Overwrites internal scattering factor for given element
show : Shows various information
temp : Sets anisotropic temperature factor
urf : Sets URF (magic refinement number)
xray : Specifies Q-value for calculating X-ray form factors

1.2 alloc

alloc f "x" j"n" g,< qmax> ,< qsig> ,< rmin > ,< rmax> ,< np>

This commandallows the userto allocatespacewhenjust calculatinga PDF. The �rst threeparametersaresimilar
to 'readdata'andthenext threeparametersspecifytherangein r to befrom < rmin> to < rmax> andthenumberof
points< np> . Notethatthis commandallocatesthespacefor onedatasetwithoutactuallyreadingany data! Usethe
command'reset'beforereading"real" datafor a re�nement.
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1.3 bang

bang< a1> ,< a2> ,< a3>

Thiscommandcalculatesthebondangleandits standarddeviation for theatomsnumbered< a1> , < a2> and< a3> .
Theangleis measuredat < a2> . Notethatno periodicboundariesareappliedandit might benecessaryto add+-1 to
thecoordinatesof someof theatomsto getthedesiredangle(-> variables).

1.4 blen

blen < a1> ,< a2>
blen f "all" j< name> j< number> g,f "all" j< name> j< number> g,< b1> ,< b2>

The simpleform of this commandcalculatesthe bondlengthandits standarddeviation betweenthe atomsnumber
< a1> and< a2> . Notethat the 'real' distancewithin thecrystalis givenand*no* periodicboundaryconditionsare
applied.
Thesecondcommandcalculatesthebondlengthsbetweentheatomsselectedby the �rst two parametersthat fall in
therangespeci�edby < b1> and< b2> . As usualatomscanbeselectedby nameor typenumberor simply use"all"
to selectall atoms.Hereperiodicboundariesareappliedlike for thePDFcalculationitself. Thustheresultsof thetwo
versionsof 'blen' mightbedifferentfor thesameatomnumberpair !

1.5 calc

calc

This commandstartsthecalculationof thePDFfor thecurrentsettings.Note that thecurrentre�nementparameter
settingsare appliedbeforethe PDFscorrespondingto all currently loadeddatasetsare calculated. Note that the
command'save' mustbeusedto save theresult(s).

1.6 cycle

cycle< n>

This commandsetsthemaximumnumberof re�nementcyclesto < n> . If a minimumis foundin lesscycles,the�t
will stopbefore< n> cyclesare�nished.

1.7 functions

Thefollowing PDFFITspeci�c functionsexist. For a listing of generalintrinsic functionsseehelpentry 'functions'
in the'commandlanguage'sectionof theonlinehelp.

bang(u1,u2,u3,v1,v2,v3[,w1,w2,w3]) :
Returns the bond angle at the site v. If only vectors u and v
are given, the angle between u and v is returned.

blen(u1,u2,u3[,v1,v2,v3]) :
Returns the length of vector v-u. Vector v defaults to zero.
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dstar(h1,h2,h2[,k1,k2,k3]) :
Returns the length of reciprocal vector k-h. Vector k defaults
to zero.

rang(h1,h2,h3,k1,k2,k3[,l1,l2,l3]) :
Returns the angle between vectors k-h and k-l at reciprocal site k.
If l is omitted, the angle between the reciprocal vectors h and k
is returned.

gran(val,typ) :
Returns Gaussian distributed pseudo random number with mean zero
an a width given by parameter <val>. If <typ> is "s" <val> is taken
as sigma, if <typ> is "f", <val> is taken as FWHM.

gbox(r1,r2,r3) :
Returns pseudo random number with distribution given by a box
centered at 0 with a width of <r2> and two half Gaussian
distributions with individual sigmas of <r1> and <r3> to the
left and right, respectively.

rval(s [,rmin,rmax])
Returns the weighted R-value corresponding to data set <s>.
The optional parameters allow the user to calculate the R-value
for a specific region in r.

1.8 i/jdese

idese< is> , f "all" j < name> j < number> g, [ ... ]
jdese< is> , f "all" j < name> j < number> g, [ ... ]

This commanddeselectsatomtypesgiveneitherby < name> or < number> for thePDFcalculation.Thetwo com-
mandsallow oneto deselectatomtypesfor eachatomin a pair 'ij' contributing to the PDF calculation. The �rst
parameters< is> speci�esthenumberof thecorrespondingdataset.

1.9 i/jsele

isele< is> , f "all" j < name> j < number> g, [ ... ]
jsele< is> , f "all" j < name> j < number> g, [ ... ]

This commandselectsatomtypesgiveneitherby < name> or < number> for thePDFcalculation.All otheratoms
areignored.This allows thecalculationof differentialor partialPDFs.Thetwo commandsallow oneto selectatom
typesfor eachatomin a pair 'ij' contributing to thePDFcalculation.The�rst parameters< is> speci�esthenumber
of thecorrespondingdataset.

1.10 occ

occf "all" j < name> j < number> g,< o>

Thiscommandallowstheuserto settheoccupancy of agivensite.Theparameter"all" will resultin theassignmentof
theoccupancy < o> to all atomsof thecurrentlyactivephase(-> phase).Alternatively aspeci�c atomname< name>
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or evenmorespeci�c thenumber< number> of a singleatomtypecanbeused.Notethatfor DISCUScompatibility
theoccupanciesarenotpartof thestructure�le andmustbesetseparately. Thedefault valueis 1.0.

1.11 par

par < x=f(p(i))> ,< dx/dp1> ,< dx/dp2> ,...
par "r eset"

Thiscommandde�nestherelationbetween�t parameters(p[i]) andexperimentalandstructuralparameters,e.g.x[i].
Thereis no prede�nedsequenceor order. For eachparameterp[i] that is usedin the de�nition, the corresponding
partial derivative mustbe given. The userhasalso to take careof properstartingvaluesfor the parameterswhich
canbeassignedwith p[i]=< expr> . Theparametersettingscanbedeletedusingtheargument"reset". Note thatall
expressionswithin arguments([]) areevaluatedafterthecommandis entered,thusparameterde�nitions canbemade
usingloops.However, othervariablesaresavesasvariablesandmaychangeduringthe�t. For a detaileddiscussion
referto thePDFFITusersguide.Herearesomeexamples.

Examples

par x[1]=p[1],1.0 : x of atom 1 is refined using p[1]
par o[1]=r[1]*p[5],r[1] : occupancy of atom 1 is r[1]*p[5] and

the derivative is r[1] (simple isn't it)

1.12 phase

phase[< ip> ]

PDFFIT allows the usageof multiple phases.All structuralcommandsandsettingwill affect the currentlyactive
phase.Thecommand'phase'allows theuserto settheactivephaseto < ip> . Alternatively thecommandcanbeused
withoutaparameterin whichcasethecurrentsettingwill bedisplayed.

1.13 psel

psel< is> ,"all"
psel< is> ,< ip1> [,< ip2> , ...]

This commandallows theuserto associatecertainphases< ip1> to < ipn> with a givendataset< is> . Oneextreme
would be to have e.g. two datasetsandonephaseeachcompletelyseparatewhich is not really differentfrom run-
ning there�nementsseparately. However, by usingidenticalre�nementparametersonecanconstrainany structural
parametersbetweenthephases.An exampleis givenin theUsersGuide. Thedefault is thatall structuralphasesare
associatedwith all loadeddatasets.

1.14 range

range f "all" j < is> g,< rmin > ,< rmax>

This commandsetstherangein R thatis usedfor �tting eitherfor "all" readdatasetsor for just thespeci�eddataset
< is> . Thelimits < rmin> and< rmax> aregivenin A.
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1.15 read

Thiscommandreadsvariousinformationfrom aspeci�ed�le. Thefollowing formatsarecurrentlysupported:

1.15.1 stru

read"stru", < �le >

The command'readstru' allows the userto reada DISCUS type structurefrom the �le < �le > . Note that some
DISCUSkeywordsandtheuseof moleculesarenotsupportedby PDFFIT. To readstructuralinformationfor multiple
phasessimply repeatthe'read'command.In orderto discardthecurrentstructureusethecommand-> 'reset'.Note
that DISCUSonly supportsan isotropic temperaturefactorB. Whenreadinga DISCUSstructurethe temperature
factoris convertedaccordingto: < u(ii)> = Bglm-1/(8pi**2al*am*). PDFFITautomaticallyrecognizesthestructure
�le formatof theinput �le !

1.15.2 data

read"data", f "n" j "x" g,< qmax> ,< qsig> ,< �le >

The command'readdata' readsthe observed PDF. The �le format is ASCII andcontains'r G(r) dummydG(r)' in
eachline. Thevalueof 'r' is in A, G(r) is thereducedPDF. Thethird columnis ignored(neededfor KUPLOT) and
the lastvalue'dG' is theerrorof thePDFusedto calculatetheweight (w=1/dg**2) for this point to beusedfor the
re�nement.Alternative formatsare'r G(r) dG(r)' in eachline or simple'r G(r)'. In thelatercase,theweightsareset
to unity. This is alsodonein casethevalueof dG(r) is foundaszero.Additional to the�lename< �le > thecommands
needsthe following parameters:First the type of radiationis speci�ed, "n" standsfor neutronsand"x" for X-rays.
Next themaximumvalueof Q < qmax> is givenfollowedby thevalueof < qsig> de�ning theQ resolution.To read
multipledatasetsjust repeatthe'read'command.
If thedata�le containsa historypartcreatedby PDFgetN,someof theinformationis returnedin theres[n]variables.
Currentlythefollowing informationis availableafterthe'readdata'command:

res[1] : Temperature where the data were collected (in K)
res[2] : Qmax (only AFTER the data were read !)

1.15.3 diff

read"diff", f "n" j "x" g,< qmax> ,< qsig> ,< �le > ,< r�le >

This commandis similar to 'readdata'but ratherthanreadinga PDF, a differencePDFis readfrom �le < �le > . The
format is identical to the PDF �le format. The additionalparameter< r�le > speci�esa referencePDF, so that the
modelPDF�tted to thereaddatabecomesCALC - REFERENCE.SeeUsersGuidefor moredetails.

1.16 reset

reset

ThiscommandresetsPDFFIT, e.g.all currentstructuralandPDFinformationis lost.
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1.17 run

run

Thiscommandstartstheleastsquarere�nement...

1.18 save

save< subcommand>

Thiscommandallows to write differentinformationto a �le. Thevalid subcommandsare:

1.18.1 atoms

save "atoms", < ip> ,< �le >

Thiscommandsavesthestructureof phase< ip> in a formatsuitablefor import into ATOMSusingthe'File - Import
- FreeForm' function.In caseof multipleunit cells,asupercellcontainingthecompletecrystalis created.Anisotropic
thermalparametersareexportedandthermalellipsoidscanbeviewedusingATOMS.

1.18.2 const

save "const", < �le >

Thiscommandsavestheparameterconstraintsto atext �le. Theoutputis similar to thescreenoutputcreatedby 'show
const'.

1.18.3 dif

save "dif", < is> ,< �le >

ThiscommandsavesthedifferencebetweenobservedandcalculatedPDFof dataset< is> to a �le named< �le > .

1.18.4 discus

save "discus", < ip> ,< �le >

This commandsaves the structuralphase< ip> to the �le named< �le > in DISCUSformat. Note that DISCUS
usesonly an isotropicB valuewhich is computedaccordingto B=8pi**2/3(u11+u22+u33).The informationabout
anisotropictemperaturefactors,occupanciesandstandarddeviationsis NOT saved.

1.18.5 pdf

save "pdf" ,< is> ,< �le >

Thecommand'save pdf' savesthecalculatedPDFcorrespondingto thegivendataset< is> to the �le < �le > . The
formatis identicalto theinput format(-> read).
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1.18.6 result

save "r esult",< �le >

This commandsavesall informationaboutthe re�nement to a text �le named< �le > . The output is similar to the
screenoutputof the'show' commands.

1.18.7 stru

save "stru", < ip> ,< �le >

Thecommand'savestru' savesthestructureof thephasespeci�edby < ip> to the�le < �le > . The�le formatis related
to theDISCUSformat. However it containsadditionalinformationlike anisotropictemperaturefactors,occupancies
andstandarddeviationsfor all values.These�les canbereadagainby PDFFIT. To saveastructuralphasein DISCUS
formatuse-> 'savediscus,...'.

1.19 scat

scat< s> ,f < name> j< number> g,< a1> ,< b1> ,< a2> ,< b2> ,< a3> ,< b3> ,< a4> ,< b4> ,< c>
scat< s> ,f < name> j< number> g,< c>
scat< s> ,f < name> j< number> g,"inter nal"

Thiscommandallows theuserto specifyanew scatteringfactorfor dataset< s> andatom< name> (or < number> )
of thecurrentphase.In casedataset< s> areneutronscatteringdatajustasinglescatteringlength< c> is needed,in
caseof X-rays,thescatteringfactoris givenin exponentialform. Finally if thelastparameteris "internal",theinternal
scatteringfactorareusedagain.

1.20 show

show < subcommand> ,..

Thiscommandallows to obtainvariousinformationaboutthemodelcrystal,PDFFITsettingsetc.
Valid subcommandsare:

1.20.1 atom

show "atom", < number> [,< end> ]
show "atom","all"
show "atom","last"

Informationaboutthe atom(s)suchasposition,thermalfactors,atomtype andoccupancy arelisted for the current
phase(-> phase).If theoptionalsecondparameter< end> is given,all atomsin therange< number> to < end> are
shown. If thesecondparameteris "all", all atomsin thecrystalareshown. WARNING, thiscouldlastawhile :-) If the
secondparameteris "last", only thelastatomof thecrystalis shown. This is identicalto settingthesecondparameter
to "n[1]", whichcontainsthenumberof atomsin thecrystal.
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1.20.2 con�g

show "con�g"

This commandslists thelimits of variousarrayslike themaximumnumberof phases,atoms,parametersetc. In case
oneof thelimits is not suf�cient, PDFFITneedsto berecompiledwith adjustedlimits.

1.20.3 const

show "const" [,< ip> ]

This commanddisplaysall constraintequationsandderivativesthatcontainparameter< ip> . If < ip> is omitted,all
de�nitions areshow, whichcanbequitea long list !

1.20.4 elem

show "elem" [,< ip> ]

This commandlists informationabouttheelementswithin thecrystal. If theparameters< ip> is omitted,thecorre-
spondinginformationfor all phasesis shown, otherwisejust for thespeci�edphase< ip> .

1.20.5 �t

show "�t"

Thiscommandoutputsre�nementinformationsuchasR-valuesandthecorrelationmatrix.

1.20.6 metric

show "metric"

This commandshow the current lattice parameters,metric tensoras well as reciprocallattice parametersand the
reciprocalmetrictensorfor thecurrentlyactive structuralphase(-> phase).

1.20.7 par

show "par"

Thiscommandlists thecurrent�t parameterson thescreen.

1.20.8 pdf

show "pdf" [,< is> ]

This commandlists informationaboutPDF relatedsettings. If the parameters< is> is omitted, the corresponding
informationfor all datasetsis shown, otherwisejust for thespeci�edset< is> .

1.20.9 phase

show "phase"

Thiscommanddisplaysall informationaboutthecurrentlyactive phaseon thescreen.
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1.20.10 scat

show "scat", f "all" j < name> j < number> g

This commandallows the userto display the scatteringlengthsfor all or just a speci�c atomwithin the currently
selectedphase(-> phase).

1.21 temp

temp f "all" j< name> j< number> g,< u11>
temp f "all" j< name> j< number> g,< u11> ,< u22> ,< u33>
temp f "all" j< name> j< number> g,< u11> ,< u22> ,< u33> ,< u12> ,< u13> ,< u23>

This commandsetsthe anisotropictemperaturefactor U(ij) for "all" or the atomsspeci�ed either by < name> or
atomtype< number> . If just a singlefurtherparameter< u11> is given,anisotropictemperaturefactoris assumed.
Otherwisejust thediagonalor all elementsof thetensorcanbespeci�ed.NotethatU(i,j)=< u(i)u(j)> andspeci�cally
for thediagonalelementsU(ii)=< u(i)**2 > !

1.22 urf

urf < u>

ThiscommandsetstheURF(someGerman:UntererRelaxationsFaktor)for the�t. Thisvaluedetermineswho 'f ast'
the �t will move to its minimum or how much the parametervaluesare changedin eachcycle dependingon the
deviations.A smallvalue(e.g.0.1)might leadto a fastconvergencebut mightalsomisstheminimum.A largervalue
(e.g.100.0)will giveaslow convergencewhichmorecertain�nds theminimum,but mightbecaughtin localminima
ratherthanin theglobalone.
Understood? Well just try differentvaluesuntil your �t convergesnicely to theglobalminimum.

1.23 variables

Variables
PDFFIT allows the usageof variables. The generalvariablesi[n], r[n] and res[n] areexplainedin the 'command
language'sectionof theonlinehelp(-> commandlanguage).Thevariablesmarkedwith RO below areREADONLY.

x[n] : x-position of atom n of current phase (-> phase)
y[n] : y-position of atom n of current phase (-> phase)
z[n] : z-position of atom n of current phase (-> phase)
m[n] : Number of atom type on site n (current phase)
u[6,n] : Aniso. thermal factor U(ij) for site n (curr. phase)
o[n] : Occupancy of site n (current phase)

lat[6] : Lattice parameters (a,b,c,alpha,beta,gamma) f. phase
delt[n] : Value of DELTA (sharpening !) for phase 'n'
rcut[n] : Cutoff r-value for additional sharpening for phase 'n'
srat[n] : Ratio of peak width below and above 'rcut' for phase 'n'
csca[n] : Value of scaling factor for phase 'n'
rhoz[n] : Value of number density RHO0 phase 'n' (RO)
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qsig[s] : Value of QSIGMA (resolution dampening) for data set 's'
dsca[s] : Value of scaling factor for data set 's'
bave[s] : Average scatt. length <b> data set 's' (current phase)

dx[n] : Standard deviation of x-position
dy[n] : Standard deviation of y-position
dz[n] : Standard deviation of z-position
du[6,n] : Standard deviation of u[6,n] (RO)
do[n] : Standard deviation of o[n] (RO)
dlat[6] : Standard deviation of lat[6]
ddelt[n] : Standard deviation of delt[n] (RO)
dsrat[n] : Standard deviation of srat[n] (RO)
dcsca[n] : Standard deviation of csca[n] (RO)
drhoz[n] : Standard deviation of rho0[n] (RO)
ddsca[s] : Standard deviation of dsca[s] (RO)
dqsig[s] : Standard deviation of qsig[s] (RO)

n[1] : Total number of atoms of current phase (RO)
n[2] : Number of different atoms of current phase (RO)
n[3] : Number of atoms per unit cell (current phase) (RO)
n[4] : Number of phases (RO)
n[5] : Number of current phase (change with -> phase) (RO)
n[6] : Number of loaded experimental PDFs (RO)
n[7] : Number of possible parameters (RO)
n[8] : Number of used refinement parameters (RO)

p[n] : Value of fit parameter n
dp[n] : Value of standard deviation for parameter n (RO)
pf[n] : Refinement flag for parameter n, 1=refine 0=fixed
cl[n,m] : Correlation matrix element n,m (RO)

rw[1] : expected R-value (after refinement) (RO)
rw[2] : achieved R-value (after refinement) (RO)
rw[3] : achieved weighted R-value (after refinement) (RO)

np[s] : Number of data points of data set 's' (RO)
pc[n,s] : Value of calculated PDF point 'n' of data set 's'
po[n,s] : Value of observed PDF point 'n' of data set 's'
pw[n,s] : Weight for PDF point 'n' of data set 's'
delr[s] : Value of DELTAR of data set 's'
qmax[s] : Value of QMAXfor data set 's'
rang[2,s] : Value of minimum (1) and maximum (2) R for refinement
rmin[s] : Value of maximum R of data set 's'
rmax[s] : Value of maximum R of data set 's'

fa[i,s,p] : Value of matrix A(i,s,p) (see Users Guide)
fb[i,s,p] : Value of matrix B(i,s,p)
fc[p,dp] : Value of matrix C(p,dp)

1.24 xray
xray [<xq>]

PDFFIT 1.2 Page14



CHAPTER 1. PDFFIT COMMANDS Commandreference

This commandsetstheQ-valueusedto calculatethescatteringlengthusedin thePDFcalculation.Thedefault value
is xq=0 which resultsin a weightcorrespondingto thenumberof electronsof thecontributing atoms.Othersettings
could be the Q valueof the �rst Braggpeakor the averageQ valueof the dataset. Calling the commandwithout
parametersprintsthecurrentsettingon thescreen.

1.25 errors

Theprogramhasbeenwrittensuchthatit shouldhandlealmostany typingerrorwhengiving commandsandhopefully
all errorsthat resultfrom calculationwith erroneousdata.Whenanerror is foundanerrormessageis displayedthat
shouldgetyoubackon track.Seethemanualfor acompletelist of errormessages.
Error messagesconcerningthecommandlanguageareexplainedin the-> commandlanguagesectionof theonline
help.Applicationspeci�c commandsaredescribedhereandaregroupedasfollows:

APPL Errors specific to PDFFIT structure functions
PDF Errors specific to PDFFIT PDF calculation and fit func.

Eacherrormessageis displayedtogetherwith thecorrespondingcategory < cccc> andtheerrornumber< numb> in
theform:
****CCCC****message **** numb ****

Typehelperror< cccc> < numb> to getanexplanationfor theerrormessageandhints for possiblestepsto correct
thesituation.
In the default modePDFFIT returnsthe standardpromptandyou cancontinuethe executionfrom this point. You
cansetthe error statusto "exit" by the ==> 'set' command.In this casePDFFIT terminatesif an error is detected.
This option is usefulto terminatea faulty sequenceof commandswhenrunningPDFFIT in thebatchmodeof your
operatingsystem.

1.25.1 appl

Thiscategory listserrormessagesthatarespeci�c to structurerelatedfunctionsof PDFFIT.

Err or : -2 : Improperlimits for atomnumber
Eitherof theupperor lower limits usedon the'append'commandis outsidetherangeof atomspresentin thecrystal.
Checkwhetherthelimits arebothpositive,theupperlimit is higheror equalto thelower limit andwhetherbothlimits
arelessor equalto thenumberof atomspresentin thecrystal.Thenumberof atomsin thecrystalcanbecheckedwith
thecommand:"eval n[1]".

Err or : -3 : No atomsselectedyet
Theplot andwavescanonly berun for selectedatoms.Usethe'select'commandto selectindividualatomtypesor to
selectall atomspresentin thecrystal.

Err or : -7 : Unknown spacegroupsymbol
Thecrystal�le containsanunknown spacegroup.Checkthespellingof thespacegroupsymbol.Theallowedspace
groupsareall 230 spacegroupsin the Int. Tablesfor Crystallography plus the spacegroupsgiven for alternative
settingsandcell choicesof themonoclinicspacegroups.

Err or : -10 : Toomany Atomsin crystal
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Themaximumnumberof atomsthatcanbestoredin thestructureis determinedby theparameterNMAX in the�le
"crystal.inc". By insertingnew atomsor by de�ning too large a crystalon the 'read' command,this numberwas
exceeded.If necessary, changethevalueof theparameterNMAX andrecompiletheprogram.

Err or : -12 : Numberof pointsmustbe> zero
Thevalueof theparametergivenon the'abs' or 'ord' commandis lessthanone.This valuerepresentsthenumberof
datapointscalculatedalongtherespective direction.Thevaluemustbeat leastoneor higher.

Err or : -14 : Invalid spacegroup& latticeconstants
While readinga new cell theprogramchecksthespacegroupandthelatticeconstantsfor consistency. Eithera space
groupwasgiventhat is not includedin theprogram,or the latticeconstantsdo not ful�ll theconstraintsimposedby
thespacegroup.Checkthespacegroupsymbolandthelatticeconstantsgivenin theinput �le.

Err or : -19 : Atom numberoutsidelimits
Thenumberof theatomis eitherlessthanone,larger thanthecurrentnumberof atomsin thecrystalor even larger
than the maximumnumberof atomsallowed in your implementation.Checkthe valueof the parameter(s)on the
'remove' and'switch' commandsor checktheindex of thevariables"m", "x", "y" or "z". Checkthenumberof atoms
presentin thecrystalby thecommand:'eval n[1]'.

Err or : -20 : Unknown element,noFouriercalculated
An elementwasdetectedin the list of atomsfor which thereis no scatteringcurve available. TheFourier transform
is not calculatedat all. Checkthenameof all atomspresentin thecrystalusingthe'asym' and'chem' commands.If
a chargedion wasgiven,this valencemight not bepresentin thelist of scatteringcurves.Referto Appendixb of the
manualfor a list of internallystorednames.If the 'scat' and/or'delf' commandswereused,any namemaybeused.
Checkwhetherthecommandswereusedproperly.

Err or : -21 : No elementpresent,noFouriercalculated
Thereareno elementspresentat all in the crystal. The Fourier transformis not calculatedat all. Most likely, the
Fourierwascalledbeforea structureor unit cell wasread,or anerroroccurredduringthereadingof thestructureor
unit cell.

Err or : -26 : Toomany differentatomsin crystal
Themaximumnumberof differentatomsallowedin your implementationwasexceeded.No morenew typesof atoms
canbeinsertedinto thestructure.Checkthechemistryof yourcrystalby the'asym' and'chem' commands.All atoms
areconsidereddifferenttypesthatarechemicallydifferent,havedifferentchargeor adifferenttemperaturecoef�cient.
If all typesareneeded,modify theparameter"maxscat"in the�le "param.inc"andrecompiletheprogram.Seechapter
9.1of themanualfor furtherinformation.

Err or : -27 : No atomof this typepresentin crystal
An atomwasselectedfor displacementby a wave or for plotting that doesnot exist within the crystal. Checkthe
spellingof theatomname,andthechemistryof thecrystalby the'asym' and'chem' commands.

Err or : -28 : Inputparametersmustbe> zero
This function/commandrequiresnon-negativeparameters.Checkthevaluesof theparametersandtheexplanationfor
thefunctionor commandusedfor valid rangesof numericalinput.

Err or : -32 : Lengthof vectoris zero
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An attemptwasmadeto calculatethe anglebetweentwo vectorswhile oneof themis of lengthzero. Checkthe
parametersgivenon the'bang' or 'rang' commandfor propernumbers.

Err or : -35 : Volumeof unit cell < = zero
Thevolumeof theunit cell wascalculatedaszeroor a negative value.Checkthelatticeparametersgivenin theinput
�le. Are thereany accidental"-" signs? Do theanglesform animpossibleshape?

Err or : -37 : No �lename de�ned yet
An attemptwasmadeto write outputto or readfrom a �le without de�ning a �le name.PDFFIT doesnot provide
default namesfor theoutputof the'plot' commandor theinput �lenames. Checkthe'out�le' commandat sublevels
'output' and'plot' or the'content' commandatsublevel 'microdomains'.

Err or : -43 : Not enoughparameterfor �lename format
An attemptwasmadeto generatea �le namefrom a string like "text%dtext" without supplyingenoughnumerical
parameters.Checkthat the spellingof the sting within " " is correct. Are thereany unwanted%d combinations?.
Checkthenumberandtypeof parametersfollowing the�le name.

Err or : -44 : Rightquotationmarkmissingin format
An attemptwasmadeto generatea �le namefrom a string like "text%dtext" without supplyingthe right quotation
mark.Checktheline andprovide themissing".

Err or : -45 : Toomany atomsin environment
The indicesof all atomsfound are storedin the internal variable"res". More atomswere found that �t into the
dimensionsof "res". Restrictthesearchfor theenvironmentto a smallershellor changethedimensionof "res_para"
in �le "param.inc".

Err or : -46 : Error readingtitle of structure
An erroroccurredwhile readingthetitle line of astructureor unit cell �le. Checkthe�le for any garbage.

Err or : -47 : Error readingspacegroupsymbol
An erroroccuredwhile readingthespacegroupline of astructureor unit cell �le. Checkthe�le for any garbage.

Err or : -48 : Error readinglatticeconstants
An erroroccuredwhile readingthe latticeconstantsof a structureor unit cell �le. Checkthe �le for any garbageor
accidentalletters.

Err or : -49 : Error readingatomcoordinates
An erroroccuredwhile readingtheatomcoordinatesof theatomlisted. Checkthe�le for any garbage.Is theline of
thetypeNamex y z B Are therelettersamongthenumericalvalues?

Err or : -54 : Index outsidelimits
The valuegiven is outsidethe properlimits allowed by this command.This usuallymeansthat an arrayelementis
outsidethecurrentdimensionof anarray, for exampleacorrelationmatrixor youaretrying to includetoomany atoms
in thecrystal.Checkthesectionondimensionsin themanual.

1.25.2 pdf

Thiscategory listserrormessagesthatarespeci�c PDFandre�nementfunctionsof PDFFIT.
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Err or : -1 : Invalid structurephaseselected
The numberof an invalid phasewasgiven. Onecanonly enterphasespeci�c commandswhenthe corresponding
structurewasactuallyreadvia 'readstru'.

Err or : -2 : Numberof phasesoutsidelimits
Whentrying to readanotherstructuralphase,themaximumnumberof phaseswasexceeded.Youmightneedto adjust
theparameterMAXPHA in 'con�g.inc' andrecompilePDFFIT.

Err or : -3 : Invalid occupancy speci�ed
A siteoccupancy not in therange0 to 1 wasspeci�edfor anatomicsite.Checkyour input.

Err or : -4 : Maximumnumberof datasetsexceeded
WhenreadingaPDFdataset,themaximumnumberof datasetswasexceeded.Youmightneedto adjusttheparameter
MAXDSET in the�le 'con�g.inc' andrecompilePDFFIT.

Err or : -5 : Invalid radiationtypeselected
The only radiationtypesallowed asparameterfor the 'readdata' commandare'n' for neutronsand'x' for X-rays.
Checkyour input.

Err or : -6 : Invalid datasetspeci�ed
Thenumberof aninvalid datasetwasgiven. Onecanonly enterdatasetspeci�c commandswhenthecorresponding
data�le wasactuallyreadvia 'readdata'.

Err or : -7 : Invalid parameterconstraintspeci�ed
The parameterconstraintspeci�ed using'par' is invalid. Either it containsno "=" or tries to assigna non re�nable
variableto a re�nementparameter.

Err or : -8 : Toomany differentparametersin constr.
Youhaveenteredade�nition, thatdependsontoomany differentre�nementparameters.Youmightneedto adjustthe
variableMAXDPP in the�le 'con�g.inc' andrecompilePDFFIT.

Err or : -9 : Inconsistency betweenNCELL and# atoms
Whenreadingastructure�le, thenumberof atomsactuallyfounddoesnotmatchthenumberof atomsexpectedfrom
theparametersof the'ncell' keyword. For 'ncell nx,ny,nz,n' youexpectto readnx.ny.nz.natoms.

Err or : -10 : Invalid parameterselected
An invalid re�nementparameterwasselected.Usethecommand'show con�g' to seewhatthemaximumnumberof
re�nementparametersis youcanuse.

Err or : -11 : Toomany datapointsin experimentalPDF
ThePDFdata�le to bereadcontainstoo many datapoints.You might needto adjusttheparameterMAXDAT in the
�le 'con�g.inc' andrecompilePDFFIT.

Err or : -12 : Cannotextendr-rangefor convolution
In orderto calculatethePDF, thecalculatedfunctionis convolutedwith a SINC functionwith a width determinedby
Qmax. In oderto carry out the convolution a �nite numberof datapointsoutsidethe re�nement rangeareneeded.
Youhave to usea lowerRMAX for there�nementor reprocessthePDFup to ahigherR value.

Err or : -13 : R-valueoutof range
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Youhave speci�edavalueof R thatis outsidetherangefor thespeci�eddataset.Checkyour input.

Err or : -14 : Parameterindex in p[i] outof range
Youhaveusedaparameterindex 'i' thatis outof range.Notethatthemaximumallowedvalueof 'i' is determinedby
themaximumnumberof parametersthatcanbeusedfor agivensetof dataandstructuralphases.
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Chapter 2

General commands

All commandsconsistof a commandverb,optionally followedby oneor moreparameters.All parametersmustbe
separatedfrom oneanotherby acomma",". Thereis noprede�nedneedfor any speci�c sequenceof commands.
Commandsarecasesensitive,all commandsandalphabeticparametersMUST betypedin lowercaseletters.
Only the �rst four lettersof any commandverb aresigni�cant, all commandsmay be abbreviatedeven further. At
leasta singlespaceis neededbetweenthe commandverb andthe �rst parameter. No commais to precedethe �rst
parameter. Thecommandverbitself MAY NOT beprecededby any blanks.
The word PROG in this part of the help sectionis to be replacedby the nameof the programyou areusing(e.g.
DISCUS).
Furtherhelptopicsare:

2.1 Options

program [-debug] [-r emote][macro.mac]

All programsallow the following commandline parameters.The �ag "-debug" startsthe programin debug mode.
This is the sameasusingthe command"set debug,on". The switch "-remote"startsthe programin remotecontrol
mode.In thiscasethecommandsaresendto theprogramthroughasocket. See�le "remote.f"for anexamplehow to
remotecontroltheapplicationsfrom anotherprogram.Notethattheprogramwill not acceptinput from thekeyboard
whenin remotecontrolmode.All othercommandline argumentsareinterpretedasmacro�les andwill beexecuted
at startup.

2.2 #

#< comment>

Any line beginningwith a "#" is regardedascomment.

2.3 @

@< �lename> [< argument> ...]
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Any list of valid commandscanbewritten to anASCII �le andandindirectlyby thecommand:

prompt > @<name>

Thecommandsmuststartin theleft mostcolumnof the�le andareotherwiseexecutedastyped.Macro�les maycall
othermacro�les up to a level de�ned at installation.This is not a call in thesenseof calling a function.All variables
areidenticalatall levelsof macro�le nesting.
Macro�les canbewrittenby any editoronyoursystemor begeneratedby the==> ' learn' command.' learn' startsto
rememberall thecommandsthatfollow andsavestheminto the�le givenonthe' learn' command.Thelearnsequence
is terminatedby the' lend' command.Thedefault extensionis ".mac"
Optionallyargumentscanbelistedon thecommandline. Theseargumentswill replacetheformal parametersinside
themacro.Theformalparametersmustbegivenas"$1", "$2" ... Thestring< argument> will replacethestring"$1".
"$1" is the �rst argumenton the commandline, "$2" the secondandso on. If therearenot enoughcommandline
arguments,an error messageis displayed.The parameter"$0" containsthe numberof parameterslisted on the line
thatcalledthemacro.If noparametersweregiventhisvaluewill bezero.

2.4 =

< variable> = < expression>

Theexpressionon theright of theequalsignis evaluatedandits resultstoredin variable< variable> .

2.5 input

Input editing functions

If theprogramwascompiledwith -DREADLINE, thefollowing basicediting functionsareavailableat theprogram
prompt:

^A : moves to the beginning of the line
^B : moves back a single character
^E : moves to the end of the line
^F : moves forward a single character
^K : kills from current position to the end of line
^P or arrow up : moves back through history
^N or arrow down : moves forward through history
^H and DEL : delete the previous character
^D : deletes the current character
^L/^R : redraw line in case it gets trashed
^U : kills the entire line
^W : kills last word

Furthermoreyoucanmove within theline usingthearrow keys.
NOTE:

If youredirecttheinput for executedPROGusing'prog < in�le' youMUST usethecommand'setprompt,off ' or 'set
prompt,redirect'in the�rst line to avoid thattheprogram'hangs' at theendof the�le. (-> setprompt)
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2.6 break

break< levels>

The'break' commandstopstheexecutionof thecurrentblockstructureandadvancesto thenext commandfollowing
theblock structure.With < levels> equalto 1 only thecurrentblock structureis interrupted,with any highernumber
the < levels> innermostblock structuresare interrupted. The 'break' commandcan be usedonly inside a block
structure.

2.7 cd

cd [< dir ectory> ]

Thiscommandallowsoneto changethecurrentworkingdirectory(maynotbeavailableeverywhere).If thecommand
is calledwith noparameters,thecurrentworkingdirectoryis shown.

2.8 continue

continue [ "pr og" ]

This commandis effective only while PROG is in the interuptedmacromodeor inside interrupteddo-loopor if-
statements,whichservesasadebugmodefor lengthy macrosor blockstructures
Makesureyou have returned to the samesubmenuebefore you continue!

Without parametersPROG resumestheexecutionof a macroor block structurein the line following the 'stop' com-
mand.If youhadstartedanothermacrowhile debuggingamacro,andthisnew macrocontaineda 'stop' commandas
well, the'continue' commandwill run theremaininglinesin thenew macroandthenstopagain at thepositionof the
'stop' commandin theoutermacro.
By providing the'prog' parameter, PROGimmediatelyinteruptsall macrosandreturnsto thenormalprompt.

2.9 do

Loopscanbeprogrammedwith the'do' command.Thecommandmaytake thefollowing forms:

a)
do <variable> = <start>,<end> [,<increment>]

<commands to be repeated>
enddo

b)
do while (<logical expression>)

<commands to be repeated>
enddo

c)
do

<commands to be repeated>
enddo until (<logical expression>)
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Typea) loopsmaycontainconstantsor arithmeticexpressionsfor < start> , < end> , and< increment> . Theinternal
type of the variablesis real. The loop counteris evaluatedfrom (< end> - < start> )/< increment> =1 . If this is
negative, theloop is notexecutedatall.
Typeb) loopsareexecutedwhile < logicalexpression> is true.Thus,they maynotbeexecutedatall.
Typec) loops,however, arealwaysexecutedonce,andrepeateduntil < logicalexpression> is true.
If anerroroccurresduringexecutionof theloop, theloop is interrupted.

2.10 echo

echo[< string> ]
echo[ "string%dstring", < integer expression> ]
echo[ "string%Dstring", < integer expression> ]
echo[ "string%fstring", < �oat expression> ]
echo[ "string%Fstring", < �oat expression> ]

The string < string> is echoedto the default outputdevice astyped. This commandservesasa marker insidelong
macro�les. It givestheuserachanceto includeeasyto �nd messagesin orderto follow lengthy or nestedstructures.
Thealternative commandformatallows to echoformattedstringsto thescreen.Each"%d" is replacedby thevalue
of thecorrespondingparameter. Thesequenceof "%d" correspondsto thesequenceof the integerparameters,"%f"
standsfor parametersof thetypereal.
The valueof a numericalexpressionbetweenthe "%" andthe "d" determinesthe width of the integer �eld that is
printed. In the caseof a �oating variabletwo expressionsseperatedby a decimalpoint specify the width and the
numberof decimaldigits thatareprinted.
Thecapitalforms"%D" and"%F" will �ll leadingspaceswith zeros.
Examplesecho"> %3d< ",44produces: > 44< echo"> %1+2d< ",44produces: > 44< echo"> %3D< ",44produces
: > 044< echo"> %5.1f< ",44.1produces: > 44.1< echo"> %2**2+1.1f< ",44.1produces: > 44.1<

2.11 eval

eval < expr>

Evaluatestheexpressionanddisplaystheresult.Theresultis not stored,thiscommandis for interactivedisplayonly.

2.12 exit

exit

Terminatestheprogramandgetsyoubackto yourshell.

2.13 expressions

Arithmeticexpressionscanbeevaluatedin aFORTRAN style.Five basicoperatorsarede�ned:

"+" Addition
"-" Subtraction
"*" Multiplication
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"/" Division
"**" Exponentiation

Theusualhierarchy of operatorsholds. Thepartsof theexpressioncanbegroupedwith parentheses"(",")" in order
to circumventthestandardhierarchy
Severalintrinsic functionshave beende�ned,see"functions"for a full listing.
Examplesof valid expressionsare:

1
1+3*(sin(3.14*r[1]))
x[1]*0.155
asind(0.5)

2.14 �lenames

Usually, �le namesareunderstoodastyped, including capital letters. Unix operatingsystemsdistinguishbetween
upperandlowercasetyping !
Additionally (integer) numerical input can be written into the �lename. The syntax for this is:
"string%dstring",< integerexpression>
The�le formatMUST beenclosedin quotationmarks.Thepositionof eachintegermustbecharacterisedby a "%d".
The sequenceof stringsand"%d"'s canbe mixed at will. The correspondinginteger expressionsmustfollow after
theclosingquotationmark. If thecommandline requiresfurtherparameter(like "add�le" for example)they mustbe
givenafter the format-parameters.The interpretationof the "%d"'s follows theC syntax. Up to 10 numberscanbe
written into a �lename.
Examples:

1)
i[5]=1
outfile a1.1
outfile "a%d.%d",1,1
outfile "a%d.%d",4-3,i[5]

All theabove exampleswill resultin the�le name"a1.1".

2)
do i[1]=1,11
...
outfile "data%d.calc",i[1]
...
enddo

Theoutputis written to the�les "data1.calc"through"data11.calc"

2.15 fclose

fclosef < number> j"all" g

This commandclosesa �le thatwasopenedwith 'fopen < number> ' or closesall open�les. If this commandis not
usedbeforeexiting theprogram,datamightbelost !
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2.16 fend

fend < number> ,f 'continue' j'err or' g

This commanddeterminesthereactionto anunexpectedendof �le while readingdatafrom input �le < number> . If
theparameteris setto "continue",theprogramwill setthevariableres[0]to -1 andcontinuethemacro.If you repeat
the==> 'fget' command,theprogramwill again setres[0] to -1 andwill not resultin anerror. In orderto catchand
EOF, youhave to evaluatethevalueof res[0]eachtime the'fget' commandis executed.
If theparameteris setto "error", theprogramwill stopreadingdatafrom theinput �le andterminatethemacrowith
anerrormessage.Thevalueof res[0]remainsunde�ned.
Thedefault conditionatprogramstartis "error"

2.17 fexist

fexist < �le >

This commandcheckstheexistanceof thespeci�ed �le < �le > . Theresultis written on thescreenandreturnedvia
theres[] variables.If the�le exists,res[1]is 1, otherwiseit is 0. Thevariableres[0]returnsthenumberof parameters,
here1.

2.18 fformat

fformat < nc> ,< format>

This commandallows oneto specifya FORTRAN style formatstring< format> to beusedfor column< nc> . The
default is freeformat,which canbeselectedusingthecharacter* asformatstring. If thecommandis calledwith no
parameters,thecurrentsettingsaredisplayedonthescreen.Notethatanunsuitableformatmightresultin aconversion
errorand*** beingwritten to the�le !
Example:fform 1,F7.3

2.19 fget

fget < number> ,< p1> ,< p2> ,..

Thiscommandallows theuserto readdatafrom a �le thathadbeenopenedwith 'fopen < number> . If noparameters
aregiven,a line is read,yet its contentis ignoredandtheline getsskipped.Otherwisethereadnumberswill overwrite
thecontentsof thespeci�edvariables.
Notethata 'fget' commandthatdoesnot run into anunexpectedendof �le setsthevalueof res[0]to zero!
Example:fget1, r[2],i[2]

2.20 fopen

fopen< number> ,< �le > [,f "append" j "overwrite" g]

This commandallows theuserto opena �le for readingandwriting usingthecommands'fget' and'fput'. iThe �rst
argumentis thenumberof theio_stream.Youcanopenseveral�les atonce,theexactvaluedependsonthevalueof the
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variableMAC_MAX_IO in �le "macro.inc".Thesecondargumentis the �le name.Thedefault is thatexisting �les
will beoverwrittenif 'fput' is used.Alternatively onecanappenddatato a �le by specifyingtheoptionalparameter
"append".

2.21 fput

fput < number> ,< p1> ,< p2> , ..

Thiscommandallowsoneto write datato the�le thathadbeenopenedby 'fopen < number> '. Theparameters< pi>
caneitherbevariablesandexpressionsor simpletext enclosedin singlequotes.If no parametersaregiven,anempty
line is written.

Examples: fput 1, i[1],sqrt(1.0+i[1]*0.01)
fput 1, 'Current value of i[1] : ',i[1]

2.22 fsub

fsub< number> ,[< left> ,< right> ]
The commandallows you to limit the string from which 'fget' readsthe datafrom �le < number> . Datawill only
be readcollumns< left> to < right> . If both parametersaremissing,the full input string is read. If the parameter
< right> is set to "-1", the string is readfrom < left> all the way to the endof the input string, independentof its
length.
Thedefault valuesatprogramstartare1,-1for all input channels.

Examples:
Input line: "A text string 20.0 30.0"
fsub 14,24
fget r[1],r[2]

2.23 functions

Thefollowing intrinsic functionsexist:

asin(<arg>) !
acos(<arg>) !
atan(<arg>) !
asind(<arg>) ! Result in degrees
acosd(<arg>) ! Result in degrees
atand(<arg>) ! Result in degrees

sin(<arg>) !
cos(<arg>) !
tan(<arg>) !
sind(<arg>) ! Argument in degrees
cosd(<arg>) ! Argument in degrees
tand(<arg>) ! Argument in degrees

sinh(<arg>) ! Hyperbolic functions
cosh(<arg>) !
tanh(<arg>) !
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sqrt(<arg>) ! Square root of <arg>
exp(<arg>) ! exponential (base e)
ln(<arg>) ! natural logarithm of <arg>
abs(<arg>) ! Absolute value of <arg>

mod(<arg1>,<arg2>) ! Modulo <arg1> of <arg2>, real arguments
max(<arg1>,<arg2>) ! Maximum of <arg1> and <arg2>
min(<arg1>,<arg2>) ! Minimum of <arg1> and <arg2>

int(<arg>) ! Convert argument to integer
nint(<arg>) ! Convert argument to nearest integer
frac(<arg>) ! Returns fractional part of <arg>

ran(<arg>) ! Returns uniformly distributed pseudo
random value 0<= r < 1.

Theargumentsto any of thesefunctionsareany arithmeticexpression.

2.24 help

help [< command> [, < subcommand> ] ]

The 'help' commandis usedto displayon-linehelpmessages.They areshortnoteson thecommand< command> .
Thecommandmaybeabbreviated.If theabbreviationis notunique,only the�rst helptopicthatmatchesthecommand
is listed.
The �rst line of the help text gives the syntaxof the commandthat is explainedin the following lines. For a few
commandsthesyntaxline is repeatedfor differentsetof possibleparameters.
After thetext is displayed,youarein theHELPsublevel of PROGandtherearethefollowing commandspossible:

<command> : Display help for <command> of current help level.
".." : Go up one help level.
"?" : Prints list of help entries of the current level.
<RETURN> : Exit help sublevel.

2.25 if

Theif-control structuretakesthefollowing form:

if ( <logical expression> ) then
<conditional commands>

[elseif ( <logical expression>) then
<conditional commands>]

[else
<conditional commands>]

endif

Thelogicalexpressionsmaycontainnumericalcomparisonswith syntax:

<arithmetic expression> <operator> <arithmetic comparison>
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Thefollowing operatorsareallowed:

.lt. ! less than

.le. ! less or equal

.gt. ! greater than

.ge. ! greater or equal

.eq. ! equal

.ne. ! not equal

Thelogicalexpressionsmayalsocontainstringcomparisonswith syntax:

'<string1>' <operator> '<string2>'

Both stringsMUST beenclosedby singleapostrophes'. Theoperatorsarethesameasthosefor thenumericexpres-
sions,lexical comparisonsareusedto evaluatethecomparisons"less"and"greater".
Logicalexpressionscanbecombinedby logicaloperators:

.not. ! negation of the following expression

.and. ! logical and

.xor. ! logical exclusive or

.or. ! logical or

Logicaloperationsmaybenestedandgroupedby brackets"(" and")".

2.26 learn

learn [< name> ]

Startsa learnsequence.All following commandsaresavedastypedin �le < name> . defaultsto "< prog> .mac".==>
lend�nishes thelearnsequence.

2.27 lend

lend

Finishesthelearnsequencestartedby ==> learn.

2.28 set

set< command> ,..

Thiscommandallows to altervariousprogramindependentsetting.Allowedvaluesfor < command> are:
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2.28.1 prompt

setprompt, f "on" j"off" j"r edirect"g,[f "on" j"off" j"�le" g],["save"]
setprompt, "old"

First parametersetsthestatusof thePROGprompt.Thedefault is "on", i.e. PROGpromptsfor thenext commandby
writing "discus> " (in caseyou run DISCUS..). You canturn this promptoff. This is useful,if you arerunninga
long macroanddo not wantto getall thepromptswritten into theoutput.By usingthis optionyou canconsiderably
shortentheoutputwritten by PROG into a redirectedlog �le. If you areusingPROG on a UNIX platform,you can
starttheprogramwith redirectedinputby thecommand:

"prog < inputfile"

By default,PROGwill write theprompt"discus> " into theoutput�le, expectingaRETURNfrom thekeyboard.Very
long lines in the output�le will result. To avoid this situationinsertthe line "set output,redirect"as�rst line in the
input�le to forcediscusto echothelinesfrom �le input�le.
This secondparameterallows theuserto assignwherethe text outputof theprogramshouldgo: "on" printson the
screen,"off" will resultin nooutputand"�le" will save theoutputto a �le progname.log(e.g.discus.login DISCUS).
Note that theoutputof thecommands'echo' and'eval' will alwaysappearon thescreen.The lastparameterallows
on to save thecurrentpromptandoutputsettings.
Theparameter"old" allow theuserto andrestorethesettingof thepromptandoutput. This cane.g. beusedto turn
thepromptoff in amacroandthenrestoretheoriginal settingafterthemacrois executed.

2.28.2 error

seterror , f "cont" j "exit" g

Setstheerrorstatus.

"cont" PROGreturns the normal prompt after the display of the error
message. You can continue the input of commands.

"exit" PROGterminates after the display of the error message.
This option is useful if you run PROGin the batch mode of your
operating system. Instead of continuing with a faulty calculation
PROGstops and you can immediately check the error.

2.28.3 debug

setdebug, f "on" j "off" g

Thiscommandallws theuserto enablevariousDEBUG outputs...

2.29 stop

stop

Thiscommandis activeonly while readingfrom amacro�le or in interactivemodeinsideablockstructure(do-loops
and/orif 's).
Thecurrentmacro�le is interuptedandyou cantypecommandsasin thenormalinput mode.You canusethewhole
rangeof PROG commands,including the '@' macrocommand.The 'stop' commandsprovidesa convenientmode
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to debug a macroby settinga breakpoint at which you cancheckthe valueof variablesor setnew values,run an
additionalmacroetc.
To continueexecutionof themacroor to continuewith thenormalPROGmode,usethe==> 'continue' command.
If includedin a block structurestatement(do-loopsand/orif 's) in both, macroand interactive mode,the program
continuesreadingall statementsthatbelongto theblockstructure.Duringexecutionof thestructure,PROG interupts
thisexecutionif it encountersa'stop'command.Youcanissueany PROGcommandexceptfurtherdoor if commands.
To continueexecutionof thestructureor to continuewith thenormalPROGmode,usethe==> 'continue' command.

2.30 system

system< com>
system[ "string%dstring", < integer expression> ]
system[ "string%fstring", < �oat expression> ]

Executesthesingleshellcommand< com> . If thecommandstring is enclosedin "", you canplaceintegerandreal
formatspeci�ers"%d" "%f" whicharethensubstitutedby thecorrespondingvalues.
Examplei[0]=10 system"ls %d.*"
Thiswould list all �les called10.*

2.31 wait

wait [f "r eturn" j "input" [,< prompt> ] g]

This commandwaits for user input. Without a parameteror with "return", the program waits for a simple
< RETURN> . If the �rst parameteris "input", the programexpectsthe userto enteroneor morereal numbersor
expressions.Theoptional< prompt> canbeusedto asktheuserto input theexpressions.This is especiallyhelpful if
theprompthasbeenturnedof by ==> setprompt,off. Thenumberof expressionsenteredby theuseris storedin the
variableres[0]andtheresultsof theexpressionsin res[i].
Thiscommandallows to write interactive macros,demomacrosandtutorials.

2.32 errors

Theprogramhasbeenwrittensuchthatit shouldhandlealmostany typingerrorwhengiving commandsandhopefully
all errorsthat resultfrom calculationwith erroneousdata.Whenanerror is foundanerrormessageis displayedthat
shouldgetyoubackontrack.Seethemanualfor acompletelist of errormessages.In thispartwereferto theprogram
youareusingasDISCUSfor convenience.
Theerrormessagesconcerningtheuseof thecommandlanguagearegroupedin thefollowing categories:

COMM Command language errors
FORT Fortran interpreter errors
I/O Errors regarding input/output
MACR Errors related to macros
MATH General mathematical errors

Eacherrormessageis displayedtogetherwith thecorrespondingcategory < cccc> andtheerrornumber< numb> in
theform:
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****CCCC****message **** numb ****

In the default modeDISCUSreturnsthe standardpromptandyou cancontinuethe executionfrom this point. You
cansetthe error statusto "exit" by the ==> 'set' command.In this caseDISCUSterminatesif an error is detected.
This option is usefulto terminatea faulty sequenceof commandswhenrunningDISCUSin thebatchmodeof your
operatingsystem.

2.32.1 comm

CommandlanguageerrorsThesemessagesdescribeillegal usageof thecommandlanguage,suchasunknown com-
mands,impropernumbersof parameters.

Err or : -1 : DISCUSdirectorynotde�ned
TheenvironmentvariableDISCUS_DIRwasnot de�ned. Checkthechapteron installationfor your platformfor the
appropriatede�nition.

Err or : -5 : Error in operatingsystemcommand
Theoperatingsystem/shellreturnedanerrormessage.Checktheappropriatesystemmanualsfor details.

Err or : -6 : Missingor wrongparametersfor command
Either thecommandneedsmoreparametersthanwereprovided,or theparametersareincorrect.Checkthenumber
andtypeof parameters.Is thesequenceof numericalandcharacterparameterscorrect?

Err or : -8 : Unknown command
The commandinterpreterreadan unknown command.Checkthe spellingof the commandor check,whetherthis
commandis allowedat thecurrentsublevel.

Err or : -11 : Error in subroutine
Moreor lessasystemerrormessage,ignorethismessage.

Err or : -17 : Toomany parameters
More parametershave beenprovidedthanarerequiredby thecommand.Checkthenumber, andtypeof parameters
supplied,or theoccurrenceof additional','.

2.32.2 fort

FortraninterpretererrorsThesemessagesdescribeerroneousmathematicalcalculationsandimproperusageof control
structures(do,if, ...).

Err or : -1 : NonnumericalParametersin expression
The interpreterfound a nonnumericalstring wherea numberis expected. If an intrinsic function or a variablewas
intended,checkfor missingparentheses.

Err or : -2 : Unknown Variable
Theexpressioncontainsa referenceto anunknown variable.Checkthespellingof thevariable.Chapter3.7.1of the
manualandthehelpentry"variables"containsa list of allowedvariables.Checkwhetherthevariableis a read-only
variableandwasusedon the left sideof an expression. Someof the variablesassociatedwith microdomainsare
read-onlydependingof thecircumstances!
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Err or : -3 : Unknown intrinsic function
The expressioncontainsa referenceto an unknown intrinsic function. Checkthe spellingof the function. Chapter
3.7.4of thegeneralpart in themanualandthehelpentry "functions' containa completelist of theallowed intrinsic
functions.

Err or : -4 : Divisionby zero'
An attemptwasmadeto divideby zero.Checkthevalueof theargumentandcorrectthealgorithmthatcalculatesthe
argument.

Err or : -5 : Squarerootof negative number
An attemptwasmadeto calculatethesquarerootof anegativeargument.Checkthevalueof theargumentandcorrect
thealgorithmthatcalculatestheargument.

Err or : -6 : Missingor wrongParametersfor command
Eitherthefunctionor variablereferencedneedsmoreparametersthanwereprovided,or theparametersareincorrect.
Checkthenumberandtypeof parameters.Is thesequenceof numericalandcharacterparameterscorrect?

Err or : -7 : Argumentfor asin,acosgreater1
An attemptwasmadeto calculateasinor acoswith anargumentgreaterthan1. Checkthevalueof theargumentand
correctthealgorithmthatcalculatestheargument.

Err or : -8 : Index outsidearraylimits
Theindex suppliedfor thevariableis outsidethelimits of this variable.Checkthegeneralpart for thedimensionsof
thevariables.

Err or : -9 : Numberof bracketsis notmatching
Thenumberof openingandclosingbrackets"[" and"]" doesnotmatchor is illegally nestedwith parentheses"(", ")"
or otheroperators.Checkthestringusedin theexpressionandcorrectit following theFORTRAN rules.

Err or : -10 : Index for arrayelementis missing
You have useda string like "i[]", wheretheopeningandclosingbracketsdo not containany expression.Checkthe
stringusedin theexpressionandcorrectit following theFORTRAN rules.

Err or : -11 : Numberof parenthesesis notmatching
Thenumberof openingandclosingparentheses"(" and")" doesnot matchor is illegally nestedwith brackets"[", "]"
or otheroperators.Checkthestringusedin theexpressionandcorrectit following theFORTRAN rules.

Err or : -12 : Expressionbetween() is missing
Youhaveusedastringlike "()", wheretheopeningandclosingparentheses"(" and")" donotcontainany expression.
Checkthestringusedin theexpressionandcorrectit following theFORTRAN rules.

Err or : -13 : Wrongnumberof indizesfor array
The numberof indicesgiven for the enteredparameteris wrong. Checkthe help entry 'variables' for the proper
numberof indices.

Err or : -14 : Index of DO-loopcounteris missing
Heretheindex for theloopcounterof ado-loopis missing.Checktheonlinehelpfor thecorrectsyntaxof suchloops.
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Err or : -15 : Toomany commands
The programstoresall commandswithin a control block in an array. The maximumnumberof commandsthat
canbe storedin this arrayis given by the parameterMAXCOM in �le "doloop.inc". The macroor run usedmore
commandsthancurrentlyallowedby thisparameter. Rewrite themacroor list of commandssuchthatlesscommands
aresuf�cient, or changethevalueof theparameterandrecompiletheprogram.

Err or : -16 : Toodeeplyleveled(do,if) construction
Theprogramstoresall commandswithin a controlblock in anarray. Themaximumnumberof levelsfor this arrayis
givenby theparameterMAXLEV in �le "doloop.inc". Themacroor run usedmorelevels thancurrentlyallowedby
this parameter. Rewrite themacroor list of commandssuchthat lesslevelsaresuf�cient, or changethevalueof the
parameterandrecompiletheprogram.

Err or : -18 : Unresolvablecondition
An error occurredwhile trying to calculatethe valueof an arithmeticor logical expression.Checkthat thereis no
illegal operation/(divisionby zero.../ no typingerrors,all parenthesesareproperlymatched.

Err or : -19 : Illegal nestingof controlcommands
Do loops and/orif constructionshave beennestedwith overlappingsegments,missingenddoor endif statements
or similar causes.Checkfor spellingerrorson the control statements,and that eachcontrol statementis properly
terminatedby acorrespondingenddoor endif statementthatis notenclosedwithin anothercontrolblock.

Err or : -20 : Illig al argumentfor ln(x) function
Theargumentfor theln mustbepositiv, largerthanzero.Checkthevalueof theargumentor thevalueof theexpression
thatservesasargument

Err or : -28 : Toodeeplyleveledbreakcommand
Illegal useof thebreakcommand.Theparameteron thebreakcommandsignalshow many block structurelevelsare
to beexited. Checkthevalueof thisparameterwith regardto thenestingof do-loopsandif-blocks.

2.32.3 i/o

Errorsrelatedto input / outputAn erroroccuredwhile attemptingto read/writefrom a �le

Err or : -1 : File doesnotexist
DISCUScouldnot �nd the�le. Checkthespellingandthepath.

Err or : -2 : Erroropening�le
DISCUScouldnotopena �le. The�le mightbein useby anotherprocess.

Err or : -3 : Error reading�le
An erroroccurredwhile DISCUSwasreadinga �le. Checkwhetherthecontentsof the�le is correct.

Err or : -4 : File alreadyexists
An attemptwasmadeto overwriteanexisting �le. Renameor deletethe�le in question.

Err or : -5 : No suchentryin onlinehelp
Youhave tried to obtainhelpfor astringthatdoesnothave amatchingentryin thehelp�le.
Checkthespellingof thestring. Are you at theright sublevel? Usethe'?' commandto geta listing of availablehelp
entries.
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Err or : -6 : Unexpectedendof �le
DISCUShasencounteredtheendof a �le, but is still expectingdata. Checkthe �le(s) involved, to seewhetherthe
dataarecompleteor whethererroneousdataarepresent.

Err or : -7 : Learningsequencealreadyin progress
You have tried to starta learningsequenceby ==> ' learn' without closingthe active learningsequence.Closethe
currentlearningsequenceby ==> ' lend' beforestartingto recordanew macro.

Err or : -8 : Nothinglearned- nomacrowritten
You did not type any commandssincethe ==> ' learn' command.No commandsarewritten to the macro�le. You
needto giveat leastonecommandbeforeclosinga learnsequence.

Err or : -9 : Error readinguserinput
An erroroccuredwhile readingthelast input. Doesthestringcontainany characterswherea numberis expected,or
any controlor escapesequences.

Err or : -10 : IO streamalreadyopen
Thecommand'fopen' wasissuedwhile therewasalreadya �le open.Closethecurrentlyopen�le with 'fclose'.

Err or : -11 : No IO streamopento close
Thecommand'fclose' wasissued,but thereis noopen�le.

Err or : -12 : Errorwriting to �le
An erroroccuredwhenreadinga �le with 'fget'. Checkthe�le for nonnumericalvaluesandcheckthatthenumberof
columnsis equalor largerthanthenumberof argumentsof 'fget'.

2.32.4 macro

Errorsrelatedto macroThesemessagesdescribesituationsthatresultfrom missingmacro�les,missingmacroparam-
eters...

Err or : -1 : Toomany macroparametersgiven
Thenumberof parametersgivenonthemacrocommandline is higherthanallowedin yourinstallation.Themaximum
numberof parametersallowedis de�ned by theparameterMAC_MAX_PARA in the�le macro.inc.Checkthemacro
commandline for any additional"," or rewrite themacroto uselessparameters.If necessaryadjustthevalueof the
parameterMAC_MAX_PARA andrecompiletheprogram.

Err or : -12 : Macronot found
The�le givenon the@< name> commanddoesnotexist. Checkthespellingof < name> andthepath.

Err or : -13 : Macro�lename is missingon thecommandline
Thecommand'@' to executea macrowascalledwithout any macro�le name.The�le namemuststartimmediatly
afterthe"@". Checkthe'@' commandfor completenessandblanksafterthe"@".

Err or : -35 : Toodeeplyleveledmacros
The maximum level at which macros may be nested is de�ned in the �le macro.inc in the parameter
MAC_MAX_LEVEL. Checkthe nestingof macro�le for the level of nestingor possiblerecursive nestingwith-
outpropertermination.Rewrite themacrosto uselessnesting,or changethevalueof theparameterandrecompilethe
program.
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Err or : -36 : UnexpectedEOFin macro�le
WhenDISCUS�nds a '@' commandinsidea macro,it storesthe currentmacroname,the line numberinsidethe
currentmacroandclosesthecurrentmacro�le. After completionof thenew macro,thepreviousmacrois readagain
up to thepositionstored.Theerrormessageis displayedwhenanendof �le is foundbeforethepositionis reached.
Checkwhetherthemacro�le wasdamaged,or accidentallydeletedduringexecutionof thenestedmacro.

Err or : -41 : Not enoughmacroparametersgiven
DISCUS reada parameternumberinside a macro�le that is higher than the numberof parametersgiven on the
commandline of themacro. Checktheparametersinsidethemacrofor correctnumberingandspelling. Checkthe
numberof parameterssuppliedon thecommandandcheckwhetherany "," is missingbetweenparameters.

2.32.5 math

Errorsfrom generalusageof mathematicaltreatments

Singular Matrix

DISCUS/KUPLOT tried to calculatethe inverseof a matrix that is singular. Readinga cell �le: Are your lattice
constantsin error, i.e. a lengthof zero,anangleof 0 or 180degrees? MicrodomainsIs thematrix of thebasevectors
correct?
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