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Chapter 1

Minuit Basic Concepts.

1.1 The Organization of Minuit.

TheMinuit packageactson a multiparameterFortranfunction to which we give thegenericnameFCN,although
the actualnamemay be chosenby the user. This function must be definedand suppliedby the user (or by
an intermediate programsuchas HBOOK or PAW, in caseMinuit is being usedunderthe control of suchan
intermediate program). The value of FCN will in generaldependon one or more variableparameterswhose
meaningis definedby theuser(or by theintermediate program),but whosetrial valuesaredeterminedby Minuit
accordingto what the userrequestsshouldbe doneto FCN (usuallyminimize it).

To take a simple example,supposethe problemis to fit a polynomial througha set of datapoints. Then
the userwould write an FCN which calculates the chisquarebetweena polynomial and the data; the variable
parametersof FCN would be the coefficients of the polynomials. Using Minuit commands,the user would
requestMinuit to minimize FCN with respectto the parameters,that is, find thosevaluesof the coefficients
which give the lowestvalueof chisquare.

The usermust thereforesupply, in addition to the function to be analyzed, a set of commandsto instruct
Minuit what analysis is wanted.The commandsmay be given in severaldifferent forms:

� As a datafile, correspondingto the traditional “data cards”,for batchprocessing;

� Typedin at execution time at a terminal, for interactive running;

� Codedin Fortranin the calling program,which allows looping, conditional execution, and all the other
possibilitiesof Fortran,butnot interactivity, sinceit mustbecompiledbeforeexecution.This is sometimes
known asrunningMinuit in “slave mode”. HBOOK andPAW useMinuit in this way.

It is also possibleto mix any of the aboveforms, for examplestartingoff a fit with a standardcommand
file, thenturning it over to the interactive userfor the final commandsteps.

1.2 Internal and External Parameters.

Eachof the parametersto FCN is definedby the userasbelongingto oneof the following types:

Freely variable: allowedto takeon any value.

Variable with limits: allowedto vary only betweentwo limits specifiedby the user.

Fixed: originally definedasvariable,but now taking on only the valuetheparameterhadat the momentit was
fixed, or a value later assignedby the user.

Constant: taking on only onevalueasspecifiedby the user.

Undefined: neverdefinedby user.

The user, in FCN, must of coursebe able to “see” all typesof definedparameters,and he thereforehas
accessto whatwe call theexternalparameterlist, that is, theparametersashedefinedthem. On theotherhand,
the internal Minuit minimizing routinesonly want to “see” variable parameterswithout limits, andso theyhave
accessonly to the internal parameterlist which is createdfrom theexternallist by thefollowing transformation:

1. Squeezeout all parametersthat arenot variable.
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2. Transformall variableparameterswith limits, so that the transformedparametercanvary without limits.
(Seethenextsectionfor details concerningthis transformation.)Becausethis transformationis non-linear,
it is recommendedto avoid putting limits on parameterswherethey arenot needed.

As an example,supposethat the userhasdefinedthe following parameters:
� Parameter1, constant.

� Parameter3, freely variable.

� Parameter10, variablewith limits.

� Parameter11, constant.

� Parameter22, freely variable.

� All othersundefined.

Thenthe internal parameterlist would be asfollows:
� Internalparameter1 = externalparameter3.

� Internalparameter2 = externalparameter10, transformedappropriately.

� Internalparameter3 = externalparameter22.

In the aboveexample,Minuit considersthat the numberof externalparametersis 22 (the highestexternal
parameternumberdefined),and the numberof internalparametersis 3. The latter numberis passedasNPAR
to FCN. This is the numberwhich determines,for example,the sizeof the errormatrix of the parameters,since
only variable parametershaveerrors.

An importantfeatureof Minuit is that parametersareallowedto changetypesduring a Minuit run. Several
Minuit commandsareavailableto makevariableparametersfixed andvice-versa;to impose,change,or remove
limits from variable parameters;and evento definecompletely new parametersat any time during a run. In
addition, someMinuit routines(notablytheMINOS erroranalysis)causeoneor morevariable parametersto be
temporarilyfixed during thecalculation. Therefore,thecorrespondencebetweenexternalandinternalparameter
lists is in generala dynamicone,andthe valueof NPAR is not necessarilyconstant.

1.2.1 The Transformation for Parameterswith Limits.

For variableparameterswith limits, Minuit usesthe following transformation:

���������
	������������� ����� �����
 �!� �#"%$ � "

�

"&$

� ��� ��� �('  �!�
� �)�����*������� '+"%$ � "

�

� $

so that the internal value
�,�����

can take on any value, while the externalvalue
� ��� �

can take on valuesonly
betweenthe lower limit

�
and the upper limit

 
. Sincethe transformationis necessarilynon-linear,it would

transforma nice linearprobleminto a nastynon-linearone,which is the reasonwhy limits shouldbeavoidedif
notnecessary.In addition,thetransformationdoesrequiresomecomputertime,soit slowsdownthecomputation
a litt le bit, andmore importantly, it introducesadditional numericalinaccuracyinto the problemin addition to
what is introducedin the numericalcalculation of the FCN value. The effects of non-linearity and numerical
roundoff both becomemore importantas the externalvalue getscloserto one of the limits (expressedas the
distanceto nearestlimit divided by distance betweenlimits). The usermustthereforebe awareof the fact that,
for example,if he puts limits of (0, 10-/. ) on a parameter,thenthe values0.0 and1.0 will be indistinguishable
to the accuracyof mostmachines.

The transformationalso affects the parametererror matrix, of course,so Minuit doesa transformationof
the error matrix (andthe “parabolic” parametererrors)whenthereareparameterlimits. Usersshouldhowever
realizethat the transformationis only a linear approximation, andthat it cannotgive a meaningfulresult if one
or moreparametersis very closeto a limit, where 0 � ��� �/1 0 ��������2
3

.
For all the abovereasons,it is recommendedthat:

� Limits on variableparametersshouldbe usedonly whenneededin order to preventthe parameterfrom
taking on unphysicalvalues.

� Whena satisfactoryminimum hasbeenfound usinglimits, the limits shouldthenbe removedif possible,
in order to performor re-performthe error analysiswithout limits.

Furtherdiscussionof the effectsof parameterlimits may be found in the last chapter.
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1.3 Parameter Err ors.

Minuit is usuallyusedto find the “best” valuesof a setof parameters,where“best” is definedas thosevalues
which minimizea givenfunction, FCN. Thewidth of thefunctionminimum,or moregenerally,theshapeof the
function in someneighbourhoodof the minimum,givesinformationaboutthe uncertainty in the bestparameter
values,often called by physiciststhe parametererrors. An importantfeatureof Minuit is that it offers several
tools to analyzethe parametererrors.

1.3.1 FCN Normalization and the ERRor definition.

Whatevermethodis usedto calculate the parametererrors, they will dependon the overall (multiplicative)
normalization of FCN, in the sensethat if the valueof FCN is everywheremultiplied by a constant

 
, thenthe

errorswill be decreasedby a factor �  . Additive constants do not changethe parametererrors,but may imply
a differentgoodness-of-fitconfidencelevel.

Assumingthat the userknows what the normalization of his FCN means,and also that he is interestedin
parametererrors,the SET ERRordefcommandallows him to definewhat he meansby one error, in termsof
the changein FCN valuewhich shouldbe causedby changingoneparameterby oneerror. If the FCN is the
usualchisquarefunction (definedbelow), thenERRordefshouldbe set to 1.0 (the defaultvalueanyway)if the
userwantsthe usualone-standard-deviation errors. If FCN is a negative-log-likelihood function, then the one-
standard-deviation valuefor ERRordefis 0.5. If FCN is a chisquare,but the userwantstwo-standard-deviation
errors,thenERRordefshouldbe = 4.0, etc.

Note that in the usual casewhere Minuit is being usedto perform a fit to someexperimental data, the
parametererrorswill be proportional to the uncertainty in the data,and thereforemeaningfulparametererrors
cannotbeobtained unlessthemeasurementerrorsof thedataareknown. In thecommoncaseof a least-squares
fit, FCN is usuallydefinedasa chisquare:

� � � � $ �
�
�
���
-

������� �	� � $���
 � $�
� �� � "

� � $

where
�

is the vectorof free parametersbeingfitted, andthe � � arethe uncertaintiesin the individual measure-
ments


%�
. If theseuncertainties arenot known, andaresimply left out of the calculation, then the fit may still

havesomemeaning,but not the quantitative valuesof the resultingparametererrors. (Only the relativeerrors
of differentparameterswith respectto eachothermay be meaningful.)

If the � � areall overestimatedby a factor
 
, thenthe resultingparametererrorsfrom the fit will be overes-

timatedby the samefactor
 
.

1.3.2 The Err or Matrix.

TheMinuit processorsMIGRAD andHESSEnormallyproduceanerrormatrix. This matrix is theinverseof the
matrix of secondderivatives of FCN, transformedif necessaryinto externalcoordinatespace- , andmultiplied
by the squareroot of the ERRordef.Therefore,errorsbasedon the Minuit error matrix takeaccountof all the
parametercorrelations,but not the non-linearities.That is, from the error matrix alone,two-standard-deviation
errorsarealwaysexactly twice asbig asone-standard-deviation errors.

Whenthe error matrix hasbeencalculated (for exampleby the successfulexecutionof a commandMIGrad
or HESse)then the parametererrorsprinted by Minuit are the squareroots of the diagonalelements of this
matrix. The commandsSHOw COVarianceand SHOw CORrelations allow the user to seethe off-diagonal
elementsaswell. The commandSHOw EIGenvaluescausesMinuit to calculateandprint out the eigenvalues
of the error matrix, which shouldall be positive if the matrix is positive-definite (seebelow on Migrad and
positive-definiteness).

The effect of correlations on the individual parametererrorscan be seenas follows. When parameterN
is FIXed, Minuit inverts the error matrix, removesthe row and column correspondingto parameterN, and
re-invertsthe result. The effect on the errorsof the otherparameterswill in generalbe to makethemsmaller,
sincethe componentdue to the uncertainty in parameterN hasnow beenremoved. (In the limit that a given
parameteris uncorrelatedwith parameterN, its error will not changewhenparameterN is fixed.) Howeverthe
procedureis not reversible,sinceMinuit forgetsthe original error matrix, so if parameterN is thenRELeased,
the error matrix is consideredasunknownandhasto be recalculatedwith appropriatecommands.

�
The internal error matrix maintainedby Minuit is transformedfor the userinto externalcoordinates, but the numberingof rows and

columnsis of coursestill accordingto internalparameternumbering,sinceonedoesnot wantrowsandcolumnscorrespondingto parameters
which arenot variable. The transformationthereforeaffectsonly parameterswith limits; if thereareno limits, internalandexternalerror
matricesarethe same.
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1.3.3 MINOS Err ors.

The Minuit processorMINOS was probably the first, and may still be the only, generally available program
to calculate parametererrorstaking into accountboth parametercorrelations and non-linearities. The MINOS
error intervals arein generalasymmetric,andmay be expensiveto calculate,especiallyif therearea lot of free
parametersandthe problemis very non-linear.

MINOS can only operateafter a good minimum has alreadybeenfound, and the error matrix has been
calculated,so theMINOS commandwill normally follow a MIGRAD command.TheMINOS error for a given
parameteris definedas the changein the value of that parameterwhich causesF� to increaseby the amount
UP, whereF� is the minimum of FCN with respectto all other free parameters,andUP is the ERRordefvalue
specifiedby the user(default= 1.).

The algorithm for finding the positive and negativeMINOS errors for parameterN consistsof varying
parameterN, eachtime minimizing FCN with respectto all the other NPAR-1 variable parameters,to find
numerically the two valuesof parameterN for which the minimum of FCN takeson the valuesFMIN+UP,
whereFMIN is the minimum of FCN with respectto all NPAR parameters.In order to makethe procedureas
fast aspossible,MINOS usesthe error matrix to predict the valuesof all parametersat the varioussub-minima
which it will haveto find in the courseof the calculation, andin the limit that the problemis nearly linear, the
predictionsof MINOS will benearlyexact,requiringvery few iterations. On the otherhand,whenthe problem
is very non-linear(i.e., FCN is far from a quadraticfunction of its parameters),that is preciselythe situation
whenMINOS is neededin order to indicate the correctparametererrors.

1.3.4 Contour Plotting

Minuit currentlyoffers two very differentproceduresfor finding FCN contours.They will be identified by the
correspondingcommandnames:CONtour(which hasbeenin Minuit for manyyears),andMNContour(which
is new with release89.12).

CONtour: This procedureis designedfor a lineprinter or alphanumericterminalasoutputdevice,andgives
a static picture of FCN as function of the two parametersspecifiedby the user,that is, all the other variable
parameters(if any)areconsideredastemporarilyfixed at their currentvalues.First a rangeis chosen,by default
two currentstandarddeviationson eithersideof thecurrentbestvalueof eachof the two parameters,anda grid
sizen is chosen,by default25 by 25 positionsfor the full rangeof eachparameter.Contourzerois definedas
the currentbestfunction valueF� ��� (presumablythe minimum), and then the i

���
contouris definedaswhere

FCN hasthe value F� ��� + i
�

* UP. The procedurethen simply evaluates FCN at the four cornersof eachof
the n

�
grid positions(which makes(n+1)

�
evaluations) to determinewhetherthe i

���
contourpassesthroughit.

Themethod,althoughnot very efficient or precise,is very robust,andcapableof revealingunexpectedmultiple
valleys.

MNContour: The contourscalculated by MNContour are dynamic, in the sensethat it representsthe
minimum of FCN with respectto all the other NPAR-2 parameters(if any). In statistical terms, this means
that MNContour takesaccountof the correlations betweenthe two parametersbeingplotted, andall the other
variable parameters.(If this featureis not wanted,then the other parametersmust be FIXed before calling
MNContour.) MNContourprovidestheactualcoordinatesof thepointsaroundthecontour,suitablefor plotting
with a graphicsroutineor by hand.Thenumberof points to becalculatedis chosenby theuser(Default is 20 for
the command-drivenmode.). As a by-product,MNContourprovidesthe MINOS errorsof the two parameters
in question,sincetheseare just the extremepointsof the contour(UseSHOw MINos to seethem).
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Chapter 2

Minuit Installation.

2.1 Minuit Releases.

Minuit hasbeenextensively revisedin 1989, but the usageis largely compatiblewith that of older versions
which havebeenin usesincebefore1970. The major exceptions to this rule are:

� Thetraditionalcommand-drivenusageof Minuit (i.e. asinvokedin onestatementfrom theuser’sprogram)
cannow be accomplishedby the statements:

����&�������F�kD����4� �Q$+&�!#k
��F�k�k-�"!#�$%!#& '������ � �$�&�!#k�*

where
�0���

and
�$�&�!#k

areany allowedFortransubroutinenames,correspondingof courseto the names
of the user-writtensubroutinesactually supplied,namely:

–
����

is the subroutinewhich calculatesthe valueof the function to be minimized or analyzed (i.e.,
usually the chisquareor likelihoodfunction).

–
�$�&�!#k

is a Fortranfunction which can be called from
�0���

, and may for examplebe the function
to which the useris fitting his data. Thus, for example,if the userwantsto fit someexperimental
datato a Breit-Wigner shape,

�$�&�!#k
could be a Breit-Wigner function,and

�0���
would calculate the

chisquaredistance betweenthe experimental dataand the function
�$�&�!#k

. If the userdoesnot call
a function

�Q$+&"!#k
, then

�$+&"!#k
shouldnot be declared

����&�������F�k
. If
�$�&�!#k

is declared
� ��&�������F�k

,
then a subprogram

�$+&�!�k
must be supplied in order to avoid a loader error for the unsatisfied

external.

This new requirementto specify the namesof two subroutinesallows the user additional freedom,to
analyzemore than one different function

�0���
in one job, and/or fit to more than one different shapes�$�&�!#k

with the sameFCN.

� The values which were previously available only directly from the COMMON blocks must now be
accessedthroughMinuit user-callable subroutines(sincethe COMMON blocks haveof coursechanged
andwill undoubtedly changeagainin the future).

� Theway of indicating to Minuit that input lines(parameterdefinitions)areto bereadfrom anexternalfile,
is now considerablymoregeneralandnot entirely compatible with the way the old “interactive” Minuit
did it.

� Thereareno longerany“long” and“short” versions,only a “standard”version,expected to bebig enough
to handlemost problems,and the possibility for exceptional usersto recompiletheir own versionsfor
biggerproblemsor smallercomputers.

� The format of the MINOS commandis now the sameasall the others.

� Severalnew commandsanduser-callablesubroutinesareavailable.
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2.2 Minuit Versions.

Theprogramis entirely in standardportableFortran77,andrequiresno externalsubroutinesexceptthosedefined
aspartof the Fortran77 standardandonelogical function INTRAC - . Theonly differencebetweenversionsfor
differentcomputers,apartfrom INTRAC, is the floating point precision(seeheadingbelow).

As with previousreleases,Minuit doesnot usea memorymanagerThis makesit easyto install andindepen-
dentof otherprograms,but hasthe disadvantagethat both the memoryoccupationand the maximumproblem
size (numberof parameters)are fixed at compilation time. The old solution to this problem,which consisted
of providing “long” and“short” versions,hasprovedto be somewhatclumsyandanywayinsufficient for really
exceptional users,so it is beingabandonedin favour of a single“standard”version.

Thecurrently“standard”versionof Minuit will handlefunctionsof up to 100parameters,of which not more
than35 canbe variableat onetime. Becauseof the useof the PARAMETER statementin the Fortransource,
redimensioningfor larger (or smaller)versionsis very easy(althoughit will help to havea sourcecodemanager
or a goodeditor to propagatethe modifiedPARAMETER statement throughall the subroutines,andof course
it impliesrecompilation). The definition of what is “standard”may well changein the light of experience,and
it is likely that different installationswill wish to defineit differently accordingto their own applications. In
any case,the dimensionsusedat compilation time areprintedin the programheaderat execution time, andthe
programis of courseprotected againstthe usertrying to definetoo manyparameters.The userwho finds that
the versionavailable to him is too small (or too big) must try to convincehis computermanagerto changethe
installation defaultor to providean additional specialversion,or elsehe mustobtain the sourceandrecompile
his own version.

2.3 Interfer encewith Other Packages

The new Minuit hasbeendesignedto intefere aslit tle aspossiblewith otherprogramsor packageswhich may
be loadedat the sametime. Thusit usesno memorymanageror otherexternalsubroutines(exceptLOGICAL
FUNCTION INTRAC), all its own subroutinenamesstart with the letters MN (exceptMINUIT and the user
written routines), all COMMON block namesstart with the charactersMN7, and the usershouldnot needto
useexplicitly any Minuit COMMON blocks.

In addition, morethanonedifferentfunctionscanbeminimizedin thesameexecutionmodule,providedthe
functionshavedifferentnames,andprovidedoneminimization anderror analysisis completelyfinishedbefore
the next onebegins.

2.4 New Features.

The 1988rewrite hasallowed the introduction of somenew features:

� Thereis now thepossibility of directFortran-callableusage,without any“input data”. That is, thestarting
parametervaluescan be specifiedin Fortrancalls, and the issuingof commandscan also be performed
by subroutinecalls.

� The I/O hasbeenadaptedwith the interactive userin mind. Input cannow be given in free field format,
andoutputcanbe limited to 80 columnsaspreferredfor most terminals.

� In orderto takeadvantageof both theFortran-callable andinteractivemodes,theycanalsobemixed: For
example,the usercansetup the problem(starting parametervalues)from Fortran,andthenfrom Fortran
invoke the commandprocessorto completethe fitting anderror analysis interactively.

� A new category of “SET xxx” and “SHOW xxx” commandsallows the user(especiallythe interactive
user)to interrogate andmodify the Minuit environment.A (still ratherprimitive) HELP facility hasbeen
introducedto showthe currently available possibilities.

� Minuit canbe requestedto readparameterdefinitionsand/or commandsfrom an externalfile which has
beenpreparedin advance,andexternalreadrequestscanbe nested.

� Theusercannow inform Minuit aboutthenatureof his problemwith thecommand:“SET STRATEGY”.
Strategy1 is default;strategy0 is intendedfor functionswhich arevery expensiveto evaluate; andstrategy
2 is for difficult problemswhereadditional function evaluations areneededto be sureof the accuracyof
the minimum andthe parametererrors.

�
INTRAC is availablefrom theCERNProgramLibrary for all commoncomputers,andin theworstcasecanbereplacedby a LOGICAL

FUNCTION returninga valueof .TRUE. or .FALSE. dependingon whetheror not Minuit is beingusedinteractively.
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2.5 Impr ovementsin Old Features

Most of the existing familiar Minuit routineshave beenrewritten and, it is hoped,improved. Known bugs
and featureswhich didn’t always work, have beencorrected. A good exampleis the part which compared
user-calculated derivatives with Minuit finite differencesestimates.The old versionof this was so inaccurate
as to be almostuseless,andwe believe the new versionto be reliable almostdown to the theoretical machine
accuracy(which Minuit now knows!). Migrad hasbeenrewritten to includea line searchwhich improvesthe
stability andtheaccuracyof thecovariancematrix, andusuallyspeedstheminimization aswell, althoughclever
userswill no doubtbe ableto find functions which areminimizedfasterby the old version.

2.6 Futur e Impr ovements

A major goal of the rewriting and restructuring of Minuit has beento improve the clarity and flexibili ty of
the program. This in turn meansthat future modifications will be much easier,especially the introduction of
new commands,andthe provisionof an interface to HBOOK andPAW. The authorswelcomesuggestionsfor
improvementsandextensions.

2.7 Floating-point Precision

It is recommendedfor mostapplications to use64-bit floating point precision,or the nearestequivalent on any
particular machine.This meansthat thestandardMinuit installed on Vax, IBM andApollo will normallybe the
DOUBLE PRECISIONversion,while on CDC andCray it will be SINGLE PRECISION.

The argumentsof the user’sFCN must of coursecorrespondin type to the declarations compiledinto the
Minuit versionbeing used. The sameis true of coursefor all floating-pointargumentsto any Minuit routines
calleddirectly by theuserin Fortran-callablemode.Furthermore,Minuit detectsat executiontime theprecision
with which it was compiled, and expectsthat the calculations inside FCN will be performedapproximately
to the sameaccuracy. (This accuracyis called EPSMAC and is printed in the headerproducedby Minuit
when it beginsexecution.) If the user fools Minuit by using a doubleprecision versionbut making internal
FCN computations in single precision,Minuit will interpret roundoff noiseas significantand will usually fail
miserablyto find a minimum. It is thereforerecommended,when using doubleprecision(REAL*8) Minuit,
to makesureall FCN computationsareREAL*8 by including the appropriateIMPLICIT declarations in FCN
and all user subroutinescalled by FCN. If for somereasonthe computationscannotbe done to a precision
comparablewith that expectedby Minuit, the userMUST inform Minuit of this situation with the SET EPS
command.

Although 64-bit precision is recommendedin general,the new Minuit is so careful to use all available
precisionthat in many cases,32 bits will in fact be enough. It is thereforepossiblenow to envisagein some
situations(for exampleon microcomputersor whenmemoryis severelylimited, or if 64-bit arithmeticis very
slow) the useof Minuit with 32- or 36-bit precision.
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Chapter 3

How to UseMinuit

3.1 The Function FCN.

The user must always supply a Fortran subroutinewhich calculates the function value to be minimized or
analyzed.[WhenMinuit is beingusedthroughan intermediate packagesuchasHBOOK or PAW, thentheFCN
may be suppliedby the intermediate package.]This subroutineshouldbe of the form:

g�$+r���m�$+&�!����D����� '���o�F��4� ���FQ��� � ��F�k4� ����F�k4�2!#��k�F��b� �Q$+&�!#k%*
!���o�k�!Q�+!#&O��m�$+r�k��-o������+!Qg+!Qm�� 'iF : �4��m :�� * � P���E 
�3 : `�>�=

����(@J�>@<%���
�%!#������g+!m� ���FQ�7'��0* � ����F�kb'���*
� ��&�������F�kD�$�&�!�k �@'@>#PO<����#C���C?��<+CB�@; T�T G+>��#CL`�HL;%����E�*

� : !#��oQ$+&?�E�\Q;����)<+=��bh
� : ��o�F����Y<�;���`��#EN�PK();+E�E��)<+=�GH-M0��E�>Q�#`�G+� T �E������#=���E��b�
� : ����F�k��L=J%�UM"��(#=0��E?�P ')(�#<%�#=0�#<+=N�#<+CDM��E�>�#`"G+�+* T �E��#�%�#=��#E"�b�
� : !#��k�F����S>)<+C">�(��="���UZQJ��=K>��Y=��Y`��D(��G+(@;�G���="�#C ')�����R`��QG���Z%*��
� : m#$+&�o$+&N��E�\;��%�@<+=�� h
� : ����F�k��L=J%�UPQ;�<�(�=�>�#<?M���G#;��
� : ����F���L=J%�]' � T =">�#<���G0*fM���(�=���EN��PDP�>�E��#=DC��#E">#M��=�>�M����b�
� :

!�� '@!���k�F�� ���
	7�a,�* &������
� E"���CB>@< T ;�=-C��=��b�
� (Q��G+();�G���="�O�#<+HO<���(������Q��E�HB(��<��#=0�#<+=��1� ��=�( �

�����!#�
!�� '@!���k�F�� ���
	4��30* & �����

�
� (Q��G+();�G���="� ����FQ��� =QJ��YP�>#E"�#=DC��#E">#M��=�>#M����L�P-� ��F�k
� 'i=J�>��->��L� T =�>Q�#<���G�*

�����!#�
� F�GZ���H"�-(Q��G+();�G���="�U=QJ��YM���G#;%�O��P-=QJ��YP;�<%(#=�>Q�#<�������F�k4�
� ZJ%>�(@JX>��f;��);���G�G�H?�?(@J%>��^�;���E"�L�E?G��\?G�>@[��QG+>@J�����C	�
� m T =�>��<���G�G�H4�a(��G+(@;�G���=�>Q�#<B��PD����F�kO���HK>)<+M���G�M"�U��& ����m�� �Q$+&�!�kb'��������8*
� !#=B>��YE���� T ��<���>@`%>G�>#=�HN��PL;%����E-=0� T �����
� �#<�H T ��E��#�%�#="�#E-M0��G�;����f<����#C"�#CO`+HD�$�&�!#k4�
� ��>�=J���E-=QJ+E���;+\JB��E�\;����)<+=��1� �EK>)<K�D��m�����m��O`�G��+(@[
�

!�� ')!#��k�F�� �j�
	4� 
�* & �����
� Z�>G�GS(Q�#���fJ���E��L��<�GH?��P�=��#ED=J%�UP">#=K>��UP">@<�>��@J��#C	�
� o��#E�P���EQ�K��<+HDP�>@<���GS(Q��G+();�G��=�>��<���� �#;�= T ;+=DP�>�=�=���C-C0��=��b�a�#="(b�

�����!#�
����&$+���
����

The nameof the subroutinemay be chosenfreely (in documentation we give it the genericnameFCN) and
mustbedeclaredEXTERNAL in theuser’sprogramwhich calls MINUIT (in data-drivenmode)or callsMinuit
subroutines(in Fortran-callable mode).The meaningof the parametersXVAL is of coursedefinedby the user,
who usesthe valuesof thoseparametersto calculate his function value. The starting valuesmustbe specified
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by the user(eitherby supplyingparameterdefinitions from a file, or typing themat the terminal, in data-driven
mode;or by calling subroutineMNPARM in Fortran-callable mode),andlater valuesaredeterminedby Minuit
as it searchesfor the minimum or performswhateveranalysisis requestedby the user.

It is possible,by giving themdifferentnames,to analyzeseveraldifferentFCNsin one job. However,one
analysismust be completedbeforethe next is started. In order to avoid interferencebetweenthe analysesof
two differentFCNs,the usershouldcall MINUIT (in data-drivenmode)or MNINIT (in Fortran-callablemode)
eachtime a new FCN is to be studied.

3.2 Running Minuit in Data-driven Mode.

Minuit can be run in two different modes: Data-driven mode meansthat the userdrives Minuit with data,
either typed interactively from a terminalor from a datafile in batch;andFortran-cal lable mode meansthat
Minuit is driven directly from Fortran subroutinecalls, without data. To someextent, the two modesmay
alsobe mixed. This sectiondescribesthe first mode,and is valid for both interactive andbatchrunning. The
differencesbetweeninteractive andbatcharedescribedin a separatesubsectionbelow.

In data-drivenmode, the user must supply, in addition to the SubroutineFCN, a main program which
includesthe following statements(the statementsin upper caseare required, thosegiven in lower caseare
optional):

����&�������F�kD����
����=���E<"��G PQ;+=">G
(��G�GY��>)<+=�>Q� ')>#E�C4�8>#Z�E �2>���M�*
��F�k�kD��!��$�!�&b'i�����4�5P;+=">G0*

The nameof FCN may be chosenfreely, and is communicatedto MINUIT as its first argument. FUTIL
is the genericnameof a function or subroutinewhich the usermay optionally call from FCN, and if he does
call sucha routine, he mustdeclareit externalandcommunicateits nameto MINUIT aswell. If FUTIL is not
used,thenthe secondargumentmay be =0, andnot declaredEXTERNAL; if FUTIL is declaredEXTERNAL,
it mustbe suppliedin the loading process.

The purposeof MINTIO is to communicateto Minuit the I/O unit numbersfor input, output,andsavefiles.
If the default valuesof 5, 6, and 7 are acceptable, then it is not necessaryto call MINTIO. It is the user’s
responsibility that the I/O units areproperlyopenedfor the appropriateoperations.

Note: In data-drivenmode,that is with CALL MINUIT, you shouldnot call MNINIT , sinceMINUIT takes
careof all initialization. To changeunit numbers,call MINTIO before calling MINUIT.

In orderthatcontrolreturnsto theuserprogramafterCALL MINUIT, thelastcommandin thecorresponding
DataBlock shouldbe RETURN. If the last commandis EXIT or STOP, thenMINUIT will executea Fortran
STOP,andif the last commandis END, MINUIT will reada new DataBlock from the currentinput unit.

3.2.1 Data to drive Minui t

In data-drivenmode,either interactively or in batch,Minuit readsthe following dataprovidedby the user:

� Title (a string of 50 characters or less)which canbe chosenfreely by the user,to help identify the job.

� Parameter definitions: for eachparameteronerecordgiving:

1. The parameter number. This is the index in the arrayXVAL by which the userfunction “FCN”
will accessthe valueof the parameter.

2. The parameter name. A string of ten charactersto help the userin readingthe Minuit output.

3. The starting value of the parameter.

4. The starting step size, or expected uncertainty in this parameter,if it is to be a variableparameter.
Otherwiseblank or zero if the value is to be constant.

5. [Optional] The lower bound (limit ) below which the parametervaluemustnot vary.

6. [Optional] The upper bound (limit) abovewhich the parametervaluemustnot vary.

Normally the usershouldNOT specify limits on the parameters,that is both shouldbe left blank. If one
limit is specified,thenBOTH mustbe specified.The propertiesof limits areexplainedelsewherein this
document.

Theformatof theparameterdefinitionsmaybeeitherfixed-field(eachitemin afield of width tencolumns),
or in free-field format. In the free-field format, items are separatedby blanksor one comma,and the
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parameternamemustbe given betweensinglequotes.The programassumesfree-field format if it finds
two single quotesin the line. Parameternameswill be blank-paddedor truncatedto be ten characters
long.

� A blank record indicatesthe endof parameterdefinitions.

� If the userFCN readsinput data from the sameinput streamas the Minuit data (the default streamis
UNIT 5), thenthe FCN datashouldappearhere.

� Minuit commands, which specify which actions shouldbe performedby Minuit. Commandsmust not
containleadingor embeddedblanks,but maybe truncated to threecharacters, andmaybegiven in upper
or lower case.Somecommandshavenumericalarguments,andthesemay be given in free-field format,
separatedby blank(s)or one comma- . The list of recognizedcommandsis given and explainedbelow.
ThecommandHELP causesMinuit to write to theoutputstreama list of currentlyrecognizedcommands.
The commandHELP SHOw lists the availableSET andSHOw commands.

Any or all of the abovedatareadby Minuit can resideon one or more different files, and Minuit can be
instructedto switch to readinga differentfile with the SET INPUT command.Optionally, the title recordmay
be preceededby a recordbeginning with the characters “SET TITLE ”, andthe parameter definitions may be
preceededby a recordbeginningwith the characters“PARAMETERS ”. It is in fact recommendedalwaysto
includetheseoptionalrecordswhenpreparinga datafile, sincethe file canthenbe readat any time (not just at
the beginning of a Minuit run) andwill alwaysbe interpretedcorrectly by Minuit.

An exampleof a typical Minuit dataset:

g��&-&"!#&�k��
�">#=-=0� =">@���YC�>��#=�E�>@`�;�=�>��<K�PLq?C���(��H��1� � � T =D��F0. �
o�F���F�����&�����g
,�� �"���G ' ��*��c�4� �2,
3��2!)����\b' ��*��c�4� �2,
���j�%�G�=��L��� �9��
�� �5�0,
,�����qKg#J"��E�=Dk�&�� �5/�.�3
,�,���qSk���<+\Dk�&�� �0,�/4� 


P">��?�
�%>#\�E��C
���#= T E�>)<+=?�
�%>@<��+�
E"���#=��E��
�%>#\�E��C
�%>@<��+�
P">��?�
���#= T ��E0�#� � �7�9��
��
(Q�#<+=���;+EX,Y3
��=�� T

3.2.2 Batch and interactive runnin g.

In its initialization phase,Minuit attempts to determinewhetheror not it is runninginteractively, by calling the
logical function INTRAC, a routine in the CERN ProgramLibrary which can be providedfor all commonly
usedcomputers.For our purposes,we define“running interactively” as meaningthat input is coming from a
terminalunderthe control of an intelligent being,ableto makedecisionsbasedon the outputhe receivesat the
terminal. It is not alwayseasyfor INTRAC to know whetherthis is the case,so, dependingon your operating
system,Minuit canbe fooled in certaincases.When this happens,the usercanalwaysoverridethe beliefsof
INTRAC with thecommandsSETBATch andSET INTeractive. ThecommandSHOwINTeractive informs the
userof the currentmode.

Accordingto whetheror not it believesit is runninginteractively, Minuit behavesdifferently in thefollowing
ways:

� If interactive, the useris promptedbeforeeachdatarecordis read.
�
In olderversionsof Minuit, therewasa specialformat for theMINOS command,whenspecifyinga list of parameters;thenewMinuit

readsthe MINOS commandwith the samefree-field format asthe othercommands,so if parameternumbersarespecified,they mustnow
be separatedby a blank or comma.
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� If interactive,Minuit recoversfrom many error conditions andpromptsthe userto entercorrectdataor
to specifyadditional requiredinput. If the sameerror conditions occurin batchmode,the programeither
exits (if no correctiveaction seemspossible)or ignoresthe incorrectdata(for example,a commandit
cannotinterpret) andcontinues.

� The default pagesize for output is a typical terminal dimension(80 by 24) if interactive, and a typical
printedpagesize(120 by 56) if batch,but thesecanbe overriddenwith the commandsSET WIDth and
SET LINes.

Whenaninteractive userrequestsMinuit to readfurtherinput from anexternalfile (theSETINPutcommand),
thenfurther input is consideredto be temporarilyin batchmode,until input revertsto theprimary input stream.

3.3 Running Minuit in Fortran-callable mode.

ThefollowingMinuit subroutinesareprovidedin orderto allow theuserto communicatewith Minuit andperform
all Minuit functions(defineparameters,executecommands,etc.) directly from Fortranthroughsubroutinecalls.
In the following list of subroutines,whena subroutineargumentis defined,a right arrow ( � ) indicates that it
is an input to the Minuit routine,anda left arrow ( � ) indicatesan output from the Minuit routine to the user.
Note that when using the Double Precision version of Minuit (recommendedfor all 32-bit machinessuch
asIBM, Vax, Apollo, etc.),all the REAL argumentsgiven below must be declared DOUBLE PRECISION.

� TO INITIALIZE MINUIT:
��F�k�k-����!#�"!#&b')!#��	�2!#I�� �2!gF��%*

IRD � Unit numberfor input to Minuit.
IWR � Unit numberfor output from Minuit.
ISAV � Unit numberfor useof the SAVE command.

� TO SPECIFY A TITLE FOR THE PROBLEM:
��F�k�k-����g���&�!�' � =�>�=�G+� �@*

title � a string of at most50 charactersto distinguishthis job or this fit.

� TO DEFINE THE PARAMETERS , for eachparameterto be defined:
����F���F���&����
��,��D������F��
�F�k�k-����o�F����b'��Q$+�4�i������F��4��g&���F�k4�ig�&���o � r��Q� ,%�5r����3 �2!�������k��0*

NUM � parameternumberasreferencedby userin “FCN”.
CHNAM � nameassignedby userto this parameter.
STVAL � startingvalue
STEP � startingstepsizeor approximateparametererror.
BND1 � lower bound(limit) on parametervalue,if any (seebelow).
BND2 � upperbound(limit) on parametervalue,if any (seebelow).
IERFLG � 0 if no error, � 0 if requestfailed.

If BND1=BND2=0., then the parameteris consideredunbounded,which is recommendedunlesslimits
areneededto makethingsbehavewell.

� TO EXECUTE A MINUIT COMMAND:
� ��&�������F�k-�0���4�5�$+&"!#k
�%!#������g+!Qm��DF����k�!g�'���F���F����0*
�F�k�k-����������b'��0���4� �2(�������#<�C ���5F�����k�!g � ��F����b�8!#������k�� � �$+&"!#k�*

FCN � the nameof the function beinganalyzed,
’command’ � the Minuit commandto be executed(seelist below),
ARGLIS � the list of numericargumentsto the command(if any),
NARG � the numberof argumentsspecified(NARG .LE. MAXA RG),
IERFLG � 0 if commandwasexecutednormally, � 0 otherwise.
FUTIL � the nameof a function called by “FCN” (or =0 if not used).

14



Executing a commandby calling MNEXCM hasexactly the sameeffect as readingthe samecommand
in data-drivenmode,exceptthat a few commandswould makeno senseandarenot available in Fortran-
callable mode(e.g. SET INPut). The otherdifferenceis that control alwaysreturnsto thecalling routine
fromMNEXCM, evenafter commandsEND, EXIT, andSTOP.

� TO GET CURRENT VALUE OF A PARAMETER for exampleafterafit, usetheinverseof MNPARM:
����F���F���&����
��,��D������F��
�F�k�k-����o�m#$�&b'��Q$+�4�i������F��4� ��F�k4�5������m��4�5r����,%� r����3b�8!���F���r�k%*

NUM � the numberof the parameterwhosevalue is requested,
CHNAM � the parameternamereturnedby Minuit,
VAL � the currentparametervalue(fitted value if fit hasconverged),
ERROR � the currentestimateof parameteruncertainty (or zero if constant)
BND1 � the lower limit on parametervalue,if any (otherwisezero).
BND2 � the upperlimit on parametervalue,if any (otherwisezero).
IVARBL � the internalparameternumberif parameteris variable,

or zero if parameteris constant,
or negative if parameteris undefined.

� TO GET CURRENT STATUS OF MINIMIZA TION:
��F�k�k-����g�&�F�&b'i����!��4� ���Q�+�4�5������+��� � ��o�F���!��5��o�F���� �2!g�&�F�&�*

FMIN � the bestfunction valuefound so far
FEDM � the estimatedvertical distanceremainingto minimum
ERRDEF � the valueof UP definingparameteruncertainties
NPARI � the numberof currentlyvariableparameters
NPARX � the highest(external)parameternumberdefinedby user
ISTAT � a statusintegerindicating how goodis the covariancematrix:

0 = not calculated at all
1 = diagonalapproximationonly, not accurate
2 = full matrix, but forcedpositive-definite
3 = full accuratecovariance matrix (After MIGRAD,

this is the indication of normalconvergence.)

� TO GET CURRENT VALUE OF COVARIANCE MATRIX
�%!#������g+!Qm��D����F�&b'��Q��!#�4�5��%!#��*
�F�k�k-��������F�&b'�����F�& � ��%!#��*

EMAT � the arrayto be filled with the (external) covariancematrix.
NDIM � the dimensionsof EMAT reservedin the userroutines.NDIM shouldbe

at leastasbig asthe numberof parametersvariable at the time of the call,
otherwisethe userwill get only part of the full matrix.

� TO ACCESS CURRENT PARAMETER ERRORS:
��F�k�k-����������g 'i�$+� � ��o�kQ$�gb�5���"!#�$�g � ��o�F���F�r � ��k0m�r0���0*

NUM � parameternumber.If NUM � 0, this is takento be an externalparameternumber;
if NUM � 0, it is the negativeof an internalparameternumber.

EPLUS � the positiveMINOS error of parameterNUM.
EMINUS � the negativeMINOS error (a negative number).
EPARAB � the “parabolic” parametererror, from the error matrix.
GLOBCC � the global correlation coefficient for parameterNUM. This is a number

betweenzeroandonewhich givesthe correlationbetweenparameter
NUM andthat linear combination of all otherparameterswhich is
moststronglycorrelatedwith NUM.
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Notethatthis call doesnot causetheerrorsto becalculated,it merelyreturnsthecurrentexistingvalues.If
anyof the requestedvalueshasnot beencalculated,or hasbeendestroyed(for example,by a redefinition
of parametervalues)MNERRSreturnsa valueof zerofor that argument.Thusthe call to MNERRSwill
normally follow the execution of commandsMIGRAD, HESSE,and/orMINOS.

� TO SWITCH TO COMMAND-R EADING MODE (to continueinteractively for example):
� ��&�������F�k-�0���4���$�&�!#k
�F�k�k-���"!#��&��b'��0���4�5�$+&"!#k�*

FCN � the nameof the function beinganalyzed
FUTIL � the (optional) nameof a function calledfrom FCN.

The call to MNINTR will causeMinuit to read commandsfrom the unit IRD (originally specifiedby
the user in his call to MNINI T, IRD is usually 5 by default, which in turn is usually the terminal by
default). Minuit thenreadsandexecutescommandsuntil it encountersa commandEND, EXIT, RETurn,
or STOP,or anend-of-fileon input (or anunrecoverableerrorcondition while readingor trying to execute
a command),in which casecontrol returnsto the programwhich calledMNINTR.
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Chapter 4

Minuit Commands

In data-drivenmode,Minuit acceptscommandsin the following format:

� (Q�#���"�#<+C : �#=�E�>@<�\�� � ��E�\�,����9��E�\03��K��=�( �

� (Q�#������<+C : �#=�E">@<+\�� is oneof the commandslisted below,

� �E�\�>�� arenumericalvaluesof required arguments,if any.
�5�E�\�>��

arenumericalvaluesof optional arguments,if any.

The arguments(if any) are separatedfrom eachother and from the commandby one or more blanksor a
comma. [This is now true also for the MINOS command.]Commandsmay be given in upperor lower case,
andmay be abbreviated,usually to threecharacters.The shortestrecognizedabbreviationsareindicated by the
capitalized part of the commandslisted below. Examplesof valid commandsare:

g���&K!#��o$+& 3�,
��>�\�E���C
��>�\ �����
g���&-k�!���!#&0g , � : ,1�5�b� ,1�5�
(��<+=��#;�E�� , 3
��!���m�g ����� ,%� 
b�i�b�i30,%��3�3

In Fortran-callable mode, all the samecommands(with a few obvious exceptions as indicated)can be
executedby passingthe command-stringandargumentsto Minuit in a CALL MNEXCM statement.

The Minuit commandsare:

CALl fcn � iflag �
InstructsMinuit to call subroutine“fcn” with thevalueof IFLAG= � iflag � . (Theactualnameof thesubroutine
called is that given by the userin his call to MINUIT or MNEXCM; the namegiven in this commandis not
used.) If � iflag � is greaterthan 5, Minuit assumesthat a new problemis being redefined,and it forgetsthe
previousbest value of the function, covariancematrix, etc. This commandcan be usedto instruct the user
function to readnew input data,recalculate constants,or otherwisemodify the calculation of the function.

CLEar
Resetsall parameternamesandvaluesto undefined.Must normally be followed by a PARAMETER command
or equivalent, in order to defineparametervalues.

CONtour � par1 � � par2 � [devs] [ngrid]
InstructsMinuit to tracecontourlines of the userfunction with respectto the two parameterswhoseexternal
numbersare � par1� and � par2� . Other variable parametersof the function, if any, will havetheir values
fixed at the currentvaluesduring the contourtracing. The optional parameter[devs] (default value 2.) gives
thenumberof standarddeviationsin eachparameterwhich shouldlie entirelywithin theplotting area.Optional
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parameter[ngrid] (defaultvalue25 unlesspagesize is too small) determinesthe resolution of the plot, i.e. the
numberof rows andcolumnsof the grid at which the function will be evaluated.

END
Signalsthe end of a data block (i.e., the end of a fit), and implies that execution should continue,because
anotherData Block follows. A Data Block is a set of Minuit dataconsisting of (1) A Title, (2) One or more
ParameterDefinitions,(3) A blank line, and(4) A setof Minuit Commands.The END commandis usedwhen
morethanoneDataBlock is to beusedwith thesameFCN function. TheEND commandfirst causesMinuit to
CALL FCN with IFLAG=3, in order to allow FCN to performany calculations associatedwith the final fitted
parametervalues,unlessa CALL FCN 3 commandhasalreadybeenexecutedat the currentFCN value. The
obsoletecommandEND RETurn is the sameasthe RETURN command.

EXIT
Signalstheendof execution.TheEXIT commandfirst causesMinuit to CALL FCN with IFLAG=3, in orderto
allow FCN to performany calculationsassociated with the final fitted parametervalues,unlessa CALL FCN 3
commandhasalreadybeenexecutedat the currentFCN value. Thenit executesa FortranSTOP.

FIX � parno �
Causesparameter � parno� to be removedfrom the list of variable parameters,and its value will remain
constant(at the currentvalue)during subsequentminimizations,etc.,until anothercommandchangesits value
or its status.

HELP [SET] [SHOw]
CausesMinuit to list the available commands. The list of SET and SHOw commandsmust be requested
separately.

HESse[maxcalls]
InstructsMinuit to calculate, by finite differences,the Hessianor error matrix. That is, it calculatesthe full
matrix of secondderivatives of the function with respectto the currently variableparameters,and inverts it,
printing out the resultingerror matrix. The optionalargument[maxcalls]specifiesthe (approximate)maximum
numberof function calls after which the calculation will be stopped.

IMPr ove [maxcalls]
If a previousminimization has converged, and the current valuesof the parametersthereforecorrespondto
a local minimum of the function, this commandrequestsa searchfor additional distinct local minima. The
optional argument[maxcalls] specifiesthe (approximate)maximumnumberof function calls after which the
calculation will be stopped.

MIGrad [maxcalls] [tolerance]
Causesminimization of the function by the methodof Migrad, the mostefficient andcompletesinglemethod,
recommendedfor generalfunctions(seealsoMINImize). The minimization producesasa by-productthe error
matrixof theparameters,which is usuallyreliableunlesswarningmessagesareproduced.Theoptionalargument
[maxcalls] specifiesthe (approximate)maximumnumberof function calls after which the calculation will be
stoppedevenif it hasnot yet converged. The optionalargument[tolerance]specifiesrequiredtoleranceon the
functionvalueat the minimum. The defaulttolerance is 0.1, andthe minimization will stopwhenthe estimated
vertical distanceto the minimum (EDM) is lessthan0.001*[tolerance]*UP(seeSET ERR).

MINImize [maxcalls] [tolerance]
Causesminimization of the function by the methodof Migrad, asdoesthe MIGrad command,but switchesto
the SIMplex methodif Migrad fails to converge. Argumentsareas for MIGrad. Note that commandrequires
four charactersto be unambiguouswith MINOS.

MINOs [maxcalls] [parno] [parno] ...
Causesa Minos error analysisto be performedon the parameterswhosenumbers[parno] arespecified.If none
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are specified,Minos errorsare calculatedfor all variable parameters.[Note that the old “special format” for
the MINOS commandhasbeenabandoned.]Minos errorsmay be expensiveto calculate, but arevery reliable
sincethey take accountof non-linearities in the problemas well as parametercorrelations, and are in general
asymmetric.The optional argument[maxcalls] specifiesthe (approximate)maximumnumberof function calls
per parameterrequested, after which the calculation will be stoppedfor that parameter.

[Note: If parametersare explicitly given, only the first six havetheir errorscalculated. If you neederrors
for morethansix parameters,you will needto makemorethanonecall to

��!���m�g
. idr 8/5/1991]

MNContour � par1 � � par2 � [devs] [ngrid]
This commandwasomitted in the original documentation. Seethe description of the

��m��&�m#$��
command,and

Section1.3.4for moredetails.

RELease � parno �
If � parno� is thenumberof apreviouslyvariableparameterwhichhasbeenfixedby acommand:FIX � parno � ,
then that parameterwill return to variablestatus. Otherwisea warning messageis printed and the command
is ignored. Note that this commandoperatesonly on parameterswhich were at one time variableand have
beenFIXed. It cannotmakeconstantparametersvariable; that mustbe doneby redefiningthe parameterwith
a PARAMETER command.

REStore [code]
If no [code] is specified,this commandrestoresall previouslyFIXed parametersto variablestatus.If [code]=1,
thenonly the last parameterFIXed is restoredto variablestatus.

RETurn
Signalsthe end of a datablock, and instructsMINUIT to return to the programwhich called it. The RETurn
commandfirst causesMinuit to CALL FCN with IFLAG=3, in orderto allow FCN to performany calculations
associatedwith the final fitted parametervalues,unlessa CALL FCN 3 commandhasalreadybeenexecutedat
the currentFCN value. Thenit executesa FortranRETURN.

SAVe
Causesthe currentparametervaluesto be savedon a file in sucha format that they can be readin againas
Minuit parameterdefinitions. If thecovariancematrix exists,it is alsooutputin sucha format. Theunit number
is by default 7, or that specifiedby the user in his call to MINTIO or MNINIT. The user is responsiblefor
openingthe file previousto issuingthe SAVE command(exceptwherethis canbe doneinteractively).

SCAn [parno] [numpts] [fr om] [to]
Scansthe valueof the userfunction by varying parameternumber[parno], leaving all otherparametersfixed at
the currentvalue. If [parno] is not specified,all variableparametersare scannedin sequence.The numberof
points[numpts]in thescanis 40by default, andcannotexceed100. Therangeof thescanis by default2 standard
deviationson eachsideof thecurrentbestvalue,but canbespecifiedasfrom [from] to [to]. After eachscan,if
a newminimumis found,thebestparametervaluesareretainedasstartvaluesfor futurescansor minimizations.
The curveresultingfrom eachscanis plotted on the outputunit in orderto showthe approximatebehaviourof
the function. This commandis not intendedfor minimization, but is sometimesuseful for debuggingthe user
function or finding a reasonablestartingpoint.

SEEk [maxcalls] [devs]
Causesa Monte Carlo minimization of the function, by choosingrandomvaluesof the variable parameters,
chosenuniformly over a hypercubecenteredat the currentbestvalue. The regionsize is by default3 standard
deviationson eachside,but canbe changedby specifyingthe valueof [devs].

SET BATch
Informs Minuit that it is runningin batchmode.
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SET EPSmachine � accuracy�
Informs Minuit that the relative floating point arithmetic precision is � accuracy� . Minuit determinesthe
nominalprecisionitself, but the SET EPScommandcanbe usedto overrideMinuit’s own determination, when
the userknowsthat the FCN function value is not calculatedto the nominalmachineaccuracy.Typical values
of � accuracy� arebetween10�

�

10� - �

.

SET ERRordef � up �
Setsthe value of UP (default value= 1.), defining parametererrors. Minuit definesparametererrors as the
changein parametervalue requiredto changethe function value by UP. Normally, for chisquaredfits UP=1,
andfor negativelog likelihood,UP=0.5.

SET GRAdient [for ce]
Informs Minuit that the userfunction is preparedto calculateits own first derivativesandreturntheir valuesin
thearrayGRAD whenIFLAG=2 (seespecification of thefunction“FCN”). If [force] is not specified,Minuit will
calculate the FCN derivativesby finite differencesat the currentpoint andcomparewith the user’scalculation
at that point, accepting the user’svaluesonly if they agree.If [force]=1, Minuit doesnot do its own derivative
calculation, andusesthe derivativescalculated in FCN.

SET INPut [unitno] [filename]
CausesMinuit, in data-drivenmodeonly, to readsubsequentcommands(or parameterdefinitionsor title) from a
differentinput file. If no [unitno] is specified,readingrevertsto thepreviousinput file, assumingthat therewas
one. If [unitno] is specified,andthat unit hasnot beenopened,thenMinuit attemptsto openthe file [filename]
if a nameis specified.If runningin interactive modeand[filename]is not specifiedand[unitno] is not opened,
Minuit promptsthe userto entera file name.If the word REWIND is addedto the command(note: no blanks
between‘INPUT’ and‘REWIND’), the file is rewoundbeforereading.Notethat this commandis implemented
in standard Fortran 77 and the resultsmaydependon the operatingsystem;for example,if a filenameis given
underVM/CMS,it mustbepreceededby a slash.

SET INTeractive
Informs Minuit that it is runninginteractively.

SET LIMits [parno] [lolim] [uplim]
Allows the user to changethe limits on one or all parameters.If no argumentsare specified,all limits are
removedfrom all parameters.If [parno] aloneis specified,limits are removedfrom parameter[parno]. If all
argumentsare specified,then parameter[parno] will be boundedbetween[lolim] and [uplim]. Limits can be
specifiedin either order,Minuit will take the smalleras [loli m] and the larger as [uplim]. However,if [lolim]
is equalto [uplim], an error conditionresults.

SET LINesperpage
Setsthenumberof lines thatMinuit thinks will fit on onepageof output. Thedefaultvalueis 24 for interactive
modeand56 for batch.

SET NOGradient
The inverseof SET GRAdient,instructsMinuit not to usethe first derivativescalculated by the userin FCN.

SET NOWarnings
SupressesMinuit warningmessages.SET WARnings is the default.

SET OUTputfile � unitno �
InstructsMinuit to write further output to unit � unitno� . (On a VAX, this is the file FORnnn.DAT. To return
to terminaloutputuseSET OUT 6 or SET OUT 5).

SET PAGethrow � integer �
Setsthe carriagecontrol characterfor “new page”to � integer� . Thusthe value1 producesa new page,and0

20



producesa blank line, on someoutputdevices.(seeTOPofpagecommand)

SET PARameter � parno � � value �
Sets the value of parameter � parno� to � value� . The parameterin question may be variable, fixed, or
constant,but mustbe defined.

SET PRIntout � level �
Setsthe print level, determininghow muchoutputMinuit will produce.The allowedvaluesandtheir meanings
aredisplayedafter a SHOw PRInt command,andarecurrently � level � =:

-1 no outputexceptfrom SHOW commands
0 minimum output (no starting valuesor intermediateresults)
1 defaultvalue,normaloutput
2 additional outputgiving intermediateresults.
3 maximumoutput,showingprogressof minimizations.

Note: SeealsoSET WARningscommand.

SET RANdomgenerator � seed�
Setsthe seedof the randomnumbergeneratorusedin SEEK. This can be any integer between10 000 and
900 000 000, for exampleonewhich wasoutput from a SHOw RANdom commandof a previousrun.

SET STRategy � level �
Setsthe strategyto be usedin calculating first andsecondderivatives andin certainminimization methods.In
general,low valuesof � level � meanfewer function calls and high valuesmeanmore reliable minimization.
Currentlyallowedvaluesare0, 1 (default),and2.

SET TITle
Informs Minuit that the next input line is to be consideredthe (new) title for this taskor sub-task.This is for
the convenience of the user in readinghis output. This commandis available only in data-drivenmode; in
Fortran-callable modeuseCALL MNSETI.

SET WARnings
InstructsMinuit to output warning messageswhen suspiciousconditions arisewhich may indicateunreliable
results.This is the default.

SET WIDthpage
Informs Minuit of the outputpagewidth. Default valuesare80 for interactive jobs and120 for batch.

SHOw XXXX
All SET XXXX commandshavea correspondingSHOw XXXX command.In addition, the SHOw commands
listedstartingherehaveno correspondingSETcommandfor obviousreasons.Thefull list of SHOwcommands
is printed in responseto the commandHELP SHOw.

SHOw CORrelations
Calculatesandprints the parametercorrelations from the error matrix.

SHOw COVariance
Prints the (external)covariance (error) matrix.

SHOw EIGenvalues
Calculatesandprints the eigenvalues of the covariancematrix.
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SHOw FCNvalue
Prints the currentvalueof FCN.

SHOw MINoserr ors
Prints the currentminoserrors.

SIMplex [maxcalls] [tolerance]
Performsa function minimization usingthesimplexmethodof NelderandMead. Minimization terminateseither
whenthe function hasbeencalled (approximately) [maxcalls] times,or whenthe estimatedvertical distanceto
minimum (EDM) is lessthan[tolerance]. The defaultvalueof [tolerance]is 0.1*UP (seeSET ERR).

STAndard
CausesMinuit to executethe Fortraninstruction CALL STAND whereSTAND is a subroutinesuppliedby the
user.

STOP
SameasEXIT.

TOPofpage
CausesMinuit to write thecharacterspecifiedin a SETPAGethrowcommand(default= “1”) to column1 of the
outputfile, which may or may not positionyour outputmediumto the top of a pagedependingon the device
andsystem.
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Chapter 5

How to get the right answer fr om Minuit.

Thegoalof Minuit - to beableto minimizeandanalyze parametererrorsfor all possibleuserfunctionswith any
numberof variableparameters- is of courseimpossibleto realise,evenin principle, in a finite amountof time.
In practice, someassumptionsmust be madeaboutthe behaviourof the function in order to avoid evaluating
it at all possiblepoints. In this chapterwe give somehints on how the usercanhelp Minuit to makethe right
assumptions.

5.1 Which Minimizer to Use.

Oneof the historically interesting advantagesof Minuit is that it wasprobablythe first minimization program
to offer theusera choiceof severalminimization algorithms. This couldbe takenasa reflectionof the fact that
noneof the algorithms known at that time weregoodenoughto be universal,so userswereencouragedto find
the one that workedbestfor them. Sincethen,algorithmshaveimprovedconsiderably,but Minuit still offers
several,mostly so that old userswill not feel cheated,but alsoto help the occasionaluserwho doesmanageto
defeatthe bestalgorithms.Minuit currentlyoffers five commandswhich canbe usedto find a smallerfunction
value, in addition to a few others,like MINOS and IMPROVE, which will retain a smaller function value if
theystumbleon oneunexpectedly (or, in thecaseof IMPROVE, hopefully). Thecommandswhich canbeused
to minimize are:

� MIGRAD . This is thebestminimizer for nearlyall functions. It is a variable-metric methodwith inexact
line search,a stablemetric updating scheme,and checksfor positive-definiteness.It will run faster if
you SET STRategy 0 andwill be more reliable if you SET STRategy2 (althoughthe latter option may
not help much). Its main weaknessis that it dependsheavily on knowledgeof the first derivatives, and
fails miserably if they are very inaccurate. If first derivatives are a problem, they can be calculated
analytically inside FCN (seeelsewherein this writeup) or if this is not feasible, the user can try to
improvetheaccuracyof Minuit’s numericalapproximationby adjustingvaluesusingtheSETEPSand/or
SET STRategycommands(seeFloatingPoint PrecisionandSET STRategy).

� MINIMIZE . This is equivalent to MIGRAD, exceptthat if MIGRAD fails, it revertsto SIMPLEX and
thencallsMIGRAD again.This is what theold MIGRAD commandusedto do, but it wasremovedfrom
the MIGRAD commandso that userswould havea choice,and becauseit is seldomof any useto call
SIMPLEX whenMIGRAD hasfailed (thereareof courseexceptions).

� SCAN. This is not intended to minimize, and just scansthe function, one parameterat a time. It does
howeverretain the bestvalueafter eachscan,so it doessomesort of highly primitive minimization.

� SEEK. We haveretained this MonteCarlosearchmainly for sentimentalreasons,eventhoughthe limited
experiencewith it is lessthan spectacular. The methodnow incorporatesa Metropolis algorithm which
always movesthe searchregion to be centredat a new minimum, and has probability


��
�

�������	��
�
of

moving the searchregion to a higherpoint with function valueF. This gives it the theoretical ability to
jump throughfunctionbarrierslike a multidimensional quantummechanicaltunneler in searchof isolated
minima,but it is widely believed by at leasthalf of the authorsof Minuit that this is unlikely to work in
practice(counterexamplesarewelcome)sinceit seemsto dependcritically on choosingthe right average
stepsizefor the randomjumps,andif you knew that, you wouldn’t needMinuit.

� SIMPLEX . This genuinemultidimensional minimization routine is usuallymuchslowerthanMIGRAD,
but it doesnot usefirst derivatives,soit shouldnot besosensitiveto theprecisionof theFCN calculations,
and is evenratherrobustwith respectto grossfluctuations in the function value. However,it gives no
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reliable informationaboutparametererrors,no informationwhatsoeveraboutparametercorrelations,and
worst of all cannotbe expectedto converge accurately to the minimum in a finite time. Its estimateof
EDM is largely fantasy,so it would not evenknow if it did converge.

5.2 Floating point Precision

Minuit figuresout at execution time the precisionwith which it wascompiled,andassumesthat FCN provides
about the sameprecision. That meansnot just the length of the numbersusedand returnedby FCN, but
the actualmathematical accuracyof the calculations. The sectionon Floating point Precisionin ChapterOne
describeswhat to do if this is not the case.

5.3 Parameter Limits

Puttinglimits (absolutebounds)on theallowedvaluesfor a givenparameter,causesMinuit to makea non-linear
transformationof its own internal parametervaluesto obtain the (external) parametervaluespassedto FCN.
To understandthe adverseeffectsof limits, see“The Transformationfor Parameterswith Limits” in Chapter1.
Basically, the useof limits shouldbe avoidedunlessneededto keepthe parameterinsidea desiredrange.

If parameterlimits are needed,in spite of the effects describedin ChapterOne, then the usershouldbe
awareof the following techniquesto alleviateproblemscausedby limits:

5.3.1 Getting the Right Minimu m with Limits.

If MIGRAD convergesnormally to a point whereno parameteris nearoneof its limits, then the existence of
limits hasprobablynot preventedMinuit from finding the right minimum. On the other hand,if one or more
parametersis nearits limit at theminimum,this maybebecausethetrueminimumis indeedat a limit , or it may
be becausethe minimizer hasbecome“blocked” at a limit . This may normally happenonly if the parameteris
so closeto a limit (internal valueat an odd multiple of ��� /2) that Minuit prints a warning to this effect when
it prints the parametervalues.

The minimizer canbecomeblockedat a limit, becauseat a limit the the derivative seenby the minimizer:

0��
0 �������

� 0��
0 � ��� �

0 � ��� �
0 �������

� 0��
0 � ��� �

3 � 3 ���
�

"&$

is zero no matterwhat the real derivative 0�� 1 0 � ��� � is. For a steppingmethod(like SIMPLEX) this seldom
posesany problem,but a methodbasedon derivatives (MIGRAD) may becomeblockedat sucha value. If
this happens,it may be necessaryto move the value of the parameterin questiona significant distancefrom
the limit (with SET PARam) and restartthe minimization, perhapswith that parameterfixed temporarily. We
are investigating ways to induceMinuit to extricate itself from suchsituations automatically, but it is not so
obviousasit seems,andfor the momentmustsometimesbe doneby hand.

5.3.2 Getting the right parameter errors with limits.

In the bestcase,wherethe minimum is far from any limits, Minuit will correctly transformthe error matrix,
and the parametererrors it reportsshould be accurate and very close to thoseyou would have got without
limits. In other cases(which should be more common,since otherwiseyou wouldn’t needlimits), the very
meaningof parametererrors becomesproblematic. Mathematically, since the limit is an absoluteconstraint
on the parameter,a parameterat its limit hasno error, at least in one direction. The error matrix, which can
assignonly symmetricerrors,thenbecomesessentially meaningless.On the otherhand,the MINOS analysis is
still meaningful,at leastin principle, as long asMIGRAD (which is called internally by MINOS) doesnot get
blockedat a limit. Unfortunately,the userhasno control over this aspectof the MINOS calculation, although
it is possibleto get enoughprintout from the MINOS commandto be ableto determinewhetherthe resultsare
reliableor not.

5.4 Fixing and Releasing Parameters

When Minuit needsto be guidedto the “right” minimum, often the bestway to do this is with the FIX and
RELEASEcommands.That is, supposeyou havea problemwith ten free parameters,andwhenyou minimize
with respectto all at once,Minuit goesto an unphysicalsolutioncharacterizedby an unphysicalor unwanted
value of parameternumber four. One way to avoid this is to FIX parameterfour at a “good” value (not
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necessarilythe best,sinceyou presumablydon’t know that yet), andminimize with respectto the others.Then
RELease4 andminimizeagain. If theproblemadmitsa “good” physicalsolution, you will normallyfind it this
way. If it doesn’twork, you may seewhat is wrong by the following sequence(where‘xxx’ is the expected
physicalvaluefor parameterfour):

g���&-o�F���F�� � �����

��! � �
��! ����F�
����k���F�g� �
g��F�� �

wherethe SCAN commandgives you a picture of FCN as a function of parameterfour alone,the others
being fixed at their current best values. If you suspectthe difficulty is due to parameterfive, then add the
command

��m��&�m#$�� � �

to seea two-dimensionalpicture.

5.5 Interpr etation of Parameter Err ors

Therearetwo kinds of problemsthat canarise: The reliability of Minuit’s error estimates,andtheir statistical
interpr etation, assumingthey areaccurate.

5.5.1 Statistical Interpr etation.

For discussuionof basicconcepts,suchas the meaningof the elementsof the error matrix, parabolicversus
MINOS errors,the appropriate value for UP (seeSET ERRdef),andsetting of exactconfidencelevels,see(in
orderof increasingcomplexity andcompleteness):

� Interpretation of theErrors on Parameters, available from theCERNProgramLibrary asa supplementto
this write-up.

� DeterminingtheStatisticalSignificanceof ExperimentalResults, by F. James.CERNDD ReportDD/81/02,
alsoprinted in the proceedingsof the 1980CERN Schoolof Computing(CERN Yellow Report81-03).

� Statistical Methodsin ExperimentalPhysics, by Eadieet al., North-Holland1971.

5.5.2 The Reliability of Minuit Err or Estimates.

Minuit always carriesaround its own current estimatesof the parametererrors, which it will print out on
request,no matterhow accuratethey are at any given point in the execution. For example,at initialization,
theseestimatesare just the startingstepsizesas specifiedby the user. After a MIGRAD or HESSEstep,the
errors are usually quite accurate,unlessthere has beena problem. Minuit, when it prints out error values,
alsogivessomeindication of how reliable it thinks they are. For example,thosemarked‘CURRENT GUESS
ERROR’ are only working valuesnot to be believed,and ‘APPROXIMATE ERROR’ meansthat they have
beencalculated but thereis reasonto believethat they may not be accurate.If no mitigating adjective is given,
then at leastMinuit believesthe errorsare accurate, althoughthere is alwaysa small chancethat Minuit has
beenfooled. Somevisible signsthat Minuit may havebeenfooled are:

� Warningmessagesproducedduring the minimization or error analysis.

� Failureto find new minimum.

� Value of EDM too big. For a “normal” minimization, after MIGRAD, the value of EDM is usually
morethanthreeordersof magnitudesmallerthanUP (the ERRordef), unlessa loosertolerancehasbeen
specified.

� Correlation coefficients exactly equalto zero,unlesssomeparametersareknown to be uncorrelatedwith
the others.

� Correlation coefficientsvery closeto one(greaterthan0.99). This indicatesbothanexceptionally difficult
problem,and one which hasbeenbadly parametrizedso that individual errorsare not very meaningful
becausethey areso highly correlated.
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� Parameterat limit. This condition, signalled by a Minuit warningmessage,may makeboth the function
minimum and parametererrorsunreliable. Seethe discussionaboveGetting the right parametererrors
with limits.

The bestway to be absolutely sureof the errors, is to use“independent” calculationsand comparethem,
or comparethe calculatederrorswith a picture of the function if possible. For example,if there is only one
free parameter,the commandSCAN allows the userto verify approximatelythe function curvature.Similarly,
if there are only two free parameters,use CONTOUR. To verify a full error matrix, comparethe resultsof
MIGRAD with those(calculated afterward)by HESSE,which usesa differentmethod.And of coursethe most
reliableandmostexpensivetechnique, which mustbe usedif asymmetricerrorsarerequired,is MINOS.

5.6 Convergencein MIGRAD, and Positive-definiteness.

MIGRAD usesits current estimateof the covariance matrix of the function to determinethe current search
direction, sincethis is the optimal strategyfor quadratic functionsand“physical” functionsshouldbe quadratic
in the neighbourhoodof the minimum at least. The searchdirections determinedby MIGRAD areguaranteed
to be downhill only if the covariancematrix is positive-definite, so in casethis is not true, it makesa positive-
definiteapproximation by addingan appropriateconstantalong the diagonalasdeterminedby the eigenvalues
of the matrix. Theoretically, the covariancematrix for a “physical” function must be positive-definite at the
minimum, althoughit may not be so for all points far away from the minimum, even for a well-determined
physicalproblem. Therefore,if MIGRAD reportsthat it hasfound a non-positive-definitecovariancematrix,
this may be a sign of oneor moreof the following:

� A non-physical region. On its way to the minimum, MIGRAD may havetraverseda regionwhich has
unphysicalbehaviour,which is of coursenot a seriousproblemas long as it recoversand leavessucha
region.

� An underdetermined problem. If thematrix is not positive-definite evenat theminimum,this maymean
thatthesolution is notwell-defined,for examplethattherearemoreunknownsthantherearedatapoints,or
thattheparametrization of thefit containsa lineardependence.If this is thecase,thenMinuit (or anyother
program)cannotsolveyourproblemuniquely, andtheerrormatrix will necessarilybelargelymeaningless,
so the usermust removethe underdeterminednessby reformulatingthe parametrization. Minuit cannot
do this itself, but it canprovidesomehints (contours,global correlation coefficients, eigenvalues)which
canhelp the cleveruserto find out what is wrong.

� Numerical inaccuracies. It is possiblethat the apparentlack of positive-definitenessis in fact only due
to excessiveroundoff errors in numericalcalculations, either in FCN or in Minuit. This is unlikely in
general,but becomesmore likely if the numberof free parametersis very large, or if the parametersare
badlyscaled(not all of thesameorderof magnitude),andcorrelationsarealsolarge. In anycase,whether
the non-positive-definitenessis real or only numericalis largely irrelevant, sincein both casesthe error
matrix will be unreliable andthe minimum suspicious.

5.7 Additional Trouble-shooting

WhenMinuit just doesn’twork, someof the morecommoncausesare:

� Precisionmismatch. Make sureyour FCN hasbeencompiledwith the sameprecisionasthe versionof
Minuit you areusing. WhenusingDOUBLE PRECISION,it is safestto usethe IMPLICIT declaration to
makesurethat everything is DOUBLE PRECISION,not just the argumentsof FCN but alsothe internal
variables.Note that depending on the computersystemused,floating-pointconstantsmay be passedas
singleprecisionin subroutinearguments,evenif thereis an IMPLICIT DOUBLE PRECISIONstatement
(which is strictly speakingcorrectsincethe IMPLICIT statement refersonly to variables, not constants).
Therefore,if constantsare usedas argumentsin subroutinecalls, they must be explicitly of the right
precision(for example,on Apollo, even0. is not equalto 0.D0).

If the problem is only one of precision,and not of word length mismatch,an appropriate SET EPS
commandmay fix it.

� Trivi al bugsin FCN. Thepossibilities for Fortranbugsarenumerous.Probablythemostcommonamong
physicistsinexperiencedin Fortranis the confusionbetweenREAL andINTEGER types,which you can
sometimesget away with, but not always. [For example,if A and B are REAL variables, the Fortran
statementA = 2*B is not goodprogramming,but happensto do what theuserprobablyintended, whereas
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the statementA = B + 2/3 almostcertainly will not do what the user intended.] Minuit can spot some
trivial bugsitself, andissuesa warningwhenit detects anunusualFCN behaviour. Sucha warningshould
be takenseriously.

Minuit alsooffers sometools (especially SCAN) which canhelp the userto find trivial bugs.

� Overwriting in a user routine. Overwritingmostoftenoccurswhensetting thevaluesof a local arrayor
an array in COMMON, andelementsoutsidethe dimensionsof the arrayareaddressed.Most computer
systemsdo not detectthis errorunlessyou attemptto write into a protected areaof memory,andof course
Minuit is alsohelpless,especially if Minuit itself is beingoverwritten.Thesymptomsof useroverwriting
may be almostanything, including unusualbehaviour of Minuit itself. The effects dependcritically on
whereinstructionsanddataareloadedin memory,so theymaychangecompletely if thesameprogramis
recompiledwith differentcompileroptionsor reloadedin a differentsequence,eventhoughthe compiler
andloaderarenot at fault.

� Changing the values of input arguments. In subroutineFCN, for example,the argumentsNPAR and
IFLAG, aswell asthevaluesof theparametersthemselves,areonly input to FCN andtheir valuesshould
not be changedinsideFCN. Minuit is now protectedagainstthis in principle, sincethe useronly getsa
copy of the value, not the actualaddressof the internal Minuit variable, but still this is a symptomof
misunderstandingby the user.

If you really want to changethe numberof variableparameters,this must be donewith commandslike
FIX andRELEASE,or by redefiningparametersusingcommandPARAMETER or CLEAR.

Similarly, if a parametertakeson anunwantedvalue,it will do no goodto changeits valueinsideFCN: In
the bestcase,Minuit won’t seeyour improvedvalue,andin the worst case,it will produceunpredictable
results.To seta parameterto a certainvalue,usethecommandSETPARam,andto keepit within certain
bounds,usethe commandSET LIMits. If the parametermust obey more complicated constraints,you
must find a trick suchasaddinga penalty value to FCN outsideof the physicalregion, to force it back
to whereyou want it.

� An ill-posed problem. For questionsof parameterdependence,seethe discussionaboveon positive-
definiteness. Other mathematicalproblemswhich can arise are: excessivenumerical roundoff – be
espcially careful of exponentialand factorial functions which get big very quickly and lose accuracy;
starting too far fr om the solution – thefunctionmayhaveunphysicallocal minima,especially at infinity
in somevariables; incorr ect normalization – in likelihood functions, the probability distributions must
be normalizedor at leasthavean integralwhich is independentof the valuesof the variableparameters.

� A bug in Minuit . This is extremelyunlikely, but it did happenonce. If a bug is suspected,andall other
possiblecausescanbe eliminated,pleasetry to savea copy of the input andoutputfiles, listing of FCN,
andotherinformation thatmayberelevant,andsendthemto JAMESat CERNVM or VXCERN::JAMES
or JAMES on the CernApollo Domain.
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Chapter 6

EXAMPLE S

Wegivehereonefull exampleof a realfit, performedfirst in batchdata-drivenmode,thenthesamefit performed
by Fortrancalls.

6.1 A data-driven fit

The examplejob given hereis setup for batchprocessing.The OPENstatements assignthe input andoutput
files, andaresomewhatcomputer-dependent (thosegivenherearefor a Vax). On manysystems,it maybemore
convenient(or necessary)to performthe file assignmentsin JCL ratherthanfrom the Fortran,but whateverthe
userdecides, thefiles mustbeopenedandtheunit numberscommunicatedto Minuit beforethecall to MINUIT.

The samejob could be run interactively, in which casethe input andoutputfiles would be assignedto the
terminal, and the “user’s data” listed below, insteadof coming from a file, would be typed in directly to the
terminal.

6.1.1 The User’s main program
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6.1.2 The User’s FCN
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6.1.3 The user’s data to drive Minuit .
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6.2 The sameexample in Fortran-callable mode.

6.2.1 The User’s main program and subroutine

(this takesthe placeof the datain the aboveexample).
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6.2.2 The User’s FCN

The FCN is exactly the samein Fortran-callablemodeasin data-driven mode.
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