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CHAPTER 6UWien Basi
 SplitterH. SCHICHLUniversity of Vienna, Department of Mathemati
sA-1090 Wien, Austriaemail: Hermann.S
hi
hl�esi.a
.at1. CopyrightThis information is 
opyright by Dr. Hermann S
hi
hl from the Mathemati
s Department ofthe University of Vienna. 2. Module nameModule name is Basi
 Splitter 3. Type of moduleBasi
 Splitter is a splitter. 4. Des
ription of the moduleBasi
 Splitter is a module whi
h 
omputes useful splitting 
oordinates and splitting pointsfor the model 
ontained in the work node.5. LimitsThere are no hard
oded limits. 6. Servi
e splitBasi
 Splitter 
omputes a series of splits, ea
h 
onsisting of a split 
oordinate and one ormore split points in this 
oordinate.If there are Lagrange multipliers available, the slope s of the Lagrangian in the original variablesx is 
omputed using these multipliers. Then the variable with highest width(si)\width(xi) is
hosen as splitting 
oordinate. If there are no multipliers, the widest 
oordinate is 
hosen.If there are ex
lusion boxes available,\width(xi) is 
omputed as width(xi)�width(bi) where bis the ex
lusion box. 54



8. SERVICE HARD VARIABLES 55If the ex
lusion box is 
omparatively big (its volume is bigger than ex
l ratio times the volumeof the variable box), then the box is trise
ted along bi and bi. Otherwise the box is bise
tedalong one of these 
oordinates, depending on when the resulting boxes are more similar in size.If there is no ex
lusion box, the box is bise
ted in the middle (geometri
 mean) or at 0, if bi
ontains 0. If bi is unbounded, then the splitting 
oordinate is either 
hosen using an evaluationregion (trise
t at the bound of this evaluation region) or at the signed square of the �nite bound.6.1. Kind of input. Any work node.6.2. Output provided. The 
ode returns with a number split deltas ea
h representinga possible and useful split.There is no useful statisti
al information 
olle
ted, the eÆ
ien
y is always 1.6.3. Control parameters.ex
l ratio: This parameter is of type double and spe
i�es the ratio of ex
lusion boxsize vs. box size at whi
h the ex
lusion box 
oordinates are used for trise
tion insteadof bise
tion. The default is 1.number of splits: With this parameter of type int the number of alternative splits isspe
i�ed. The default is 1.multiplier: Using this ve
tor<double> the user 
an spe
ify an estimate for the La-grange multipliers. These are then use as weights for the 
onstraints. Default: nomultiplier.6.4. Termination reason. There is no termination reason ex
ept 'SUCCESS' (0), 'novalid split 
oordinate' (-2), and 'NO MODEL DEFINED' (-1).7. Statisti
al information 
olle
tedNo useful statisti
al information is 
olle
ted.8. Servi
e hard variablesBasi
 Splitter uses the split �nding algorithms to determine the variables whi
h are mostlikely to be split, and therefore 
an be 
onsidered hard.8.1. Kind of input. Any work node.8.2. Output provided. The 
ode returns a list of variables in the information entrywith index hard variables as a ve
tor<unsigned int>.There is no useful statisti
al information 
olle
ted, the eÆ
ien
y is always 1.



56 6. UWIEN BASIC SPLITTER8.3. Control parameters.ex
l ratio: This parameter is of type double and spe
i�es the ratio of ex
lusion boxsize vs. box size at whi
h the ex
lusion box 
oordinates are used for trise
tion insteadof bise
tion. The default is 1.number of splits: With this parameter of type int the number of alternative splits isspe
i�ed. The default is 1.multiplier: Using this ve
tor<double> the user 
an spe
ify an estimate for the La-grange multipliers. These are then use as weights for the 
onstraints. Default: nomultiplier.8.4. Termination reason. There is no termination reason ex
ept 'SUCCESS' (0), 'novalid split 
oordinate' (-2), and 'NO MODEL DEFINED' (-1).9. Statisti
al information 
olle
tedNo useful statisti
al information is 
olle
ted.



CHAPTER 8UWien Best PointH. SCHICHLUniversity of Vienna, Department of Mathemati
sA-1090 Wien, Austriaemail: Hermann.S
hi
hl�esi.a
.at1. CopyrightThis information is 
opyright by Dr. Hermann S
hi
hl from the Mathemati
s Department ofthe University of Vienna. 2. Module nameModule name is Best Point 3. Type of moduleBest Point is a 
onstraint generator and info engine.4. Des
ription of the moduleBest Point is a module whi
h manages the best point found and the upper bound on theobje
tive fun
tion. 5. LimitsThere are no hard
oded limits. 6. Servi
e updateBest Point �nds the best point in the point table of the sear
h database and updates theupper bound of the obje
tive fun
tion a

ording to its obje
tive fun
tion value.6.1. Kind of input. Any work node.6.2. Output provided. The 
ode returns a bound delta 
hanging the bounds on theobje
tive fun
tion.There is no useful statisti
al information 
olle
ted, the eÆ
ien
y is always 1.65



66 8. UWIEN BEST POINT6.3. Control parameters.use unverified: This parameter is of type bool and spe
i�es whether unveri�ed pointsmay be used to redu
e the range of the obje
tive fun
tion. The default is false.6.4. Termination reason. There is no termination reason ex
ept 'SUCCESS' (0), 'novalid point' (-1), and 'NO MODEL DEFINED' (-2).7. Statisti
al information 
olle
tedNo useful statisti
al information is 
olle
ted.8. Servi
e �nd boundBest Point �nds the best point in the point table of the sear
h database and returns itsobje
tive fun
tion value.8.1. Kind of input. Any work node.8.2. Output provided. The 
ode returns an information entry upper bound 
ontainingthe obe
tive fun
tion value of the best point found.There is no useful statisti
al information 
olle
ted, the eÆ
ien
y is always 1.8.3. Control parameters.use unverified: This parameter is of type bool and spe
i�es whether unveri�ed pointsmay be used to redu
e the range of the obje
tive fun
tion. The default is false.8.4. Termination reason. There is no termination reason ex
ept 'SUCCESS' (0), 'novalid point' (-1), and 'NO MODEL DEFINED' (-2).9. Statisti
al information 
olle
tedNo useful statisti
al information is 
olle
ted.10. Servi
e setBest Point sets the upper bound of the obje
tive fun
tion to a spe
i�ed value.10.1. Kind of input. Any work node.10.2. Output provided. The 
ode returns a bound delta 
hanging the bounds on theobje
tive fun
tion.There is no useful statisti
al information 
olle
ted, the eÆ
ien
y is always 1.



10. SERVICE SET 6710.3. Control parameters.upper bound: This parameter is of type double spe
i�es the upper bound of the obje
tivefun
tion.10.4. Termination reason. There is no termination reason ex
ept 'SUCCESS' (0) and'NO MODEL DEFINED' (-2).



CHAPTER 9UWien Che
k BoxH. SCHICHLUniversity of Vienna, Department of Mathemati
sA-1090 Wien, Austriaemail: Hermann.S
hi
hl�esi.a
.at1. CopyrightThis information is 
opyright by Dr. Hermann S
hi
hl from the Mathemati
s Department ofthe University of Vienna. 2. Module nameModule name is Che
k Box 3. Type of moduleChe
k Box is a 
he
ker. 4. Des
ription of the moduleChe
k Box is a module whi
h 
he
ks whether a box 
an be 
onsidered tiny.5. LimitsThere are no hard
oded limits. 6. Servi
e 
he
kChe
k Box tests whether the box represented by the work node is tiny in all 
omponents.6.1. Kind of input. Any work node.6.2. Output provided. The return value is passed as termination reason. 100 means thatthe box is tiny, 0 means that it is not tiny.There is no useful statisti
al information 
olle
ted, the eÆ
ien
y is always 1.68



7. STATISTICAL INFORMATION COLLECTED 696.3. Control parameters.eps: This parameter is of type double and spe
i�es the maximal allowed width in everynode. Default is 1.0e-6.s
ale: Using this ve
tor<double> the user 
an spe
ify a s
aling for all nodes to deter-mine a s
aled width. Default: all ones ve
tor.6.4. Termination reason. There is no termination reason ex
ept 'SUCCESS' (0 or 100).7. Statisti
al information 
olle
tedNo useful statisti
al information is 
olle
ted.



CHAPTER 10UWien Che
k InfeasibilityH. SCHICHLUniversity of Vienna, Department of Mathemati
sA-1090 Wien, Austriaemail: Hermann.S
hi
hl�esi.a
.at1. CopyrightThis information is 
opyright by Dr. Hermann S
hi
hl from the Mathemati
s Department ofthe University of Vienna. 2. Module nameModule name is Che
k Infeasibility3. Type of moduleChe
k Infeasibility is a 
he
ker.4. Des
ription of the moduleChe
k Infeasibility is a module whi
h 
he
ks whether a model has been dete
ted infeasible.5. LimitsThere are no hard
oded limits. 6. Servi
e 
he
kChe
k Infeasibility tests whether the model in the work node has been dete
ted infeasible.6.1. Kind of input. Any work node.6.2. Output provided. The return value is passed as termination reason. 100 means thatthe model is infeasible, 0 means that it is not infeasible.There is no useful statisti
al information 
olle
ted, the eÆ
ien
y is always 1.6.3. Control parameters. None. 70



7. STATISTICAL INFORMATION COLLECTED 716.4. Termination reason. There is no termination reason ex
ept 'SUCCESS' (0 or 100).7. Statisti
al information 
olle
tedNo useful statisti
al information is 
olle
ted.



CHAPTER 11UWien Che
k NumberH. SCHICHLUniversity of Vienna, Department of Mathemati
sA-1090 Wien, Austriaemail: Hermann.S
hi
hl�esi.a
.at1. CopyrightThis information is 
opyright by Dr. Hermann S
hi
hl from the Mathemati
s Department ofthe University of Vienna. 2. Module nameModule name is Che
k Number 3. Type of moduleChe
k Number is a 
he
ker. 4. Des
ription of the moduleChe
k Number is a module whi
h 
he
ks whether a model ful�lls 
ertain requirements.5. LimitsThere are no hard
oded limits. 6. Servi
e 
he
kChe
k Number 
he
ks whether the 
onstraints and the obje
tive fun
tion ful�ll 
ertain require-ments.6.1. Kind of input. Any work node.6.2. Output provided. The return value is passed as termination reason. 100 means thatthe requirements are ful�lled, 0 means that they are not.There is no useful statisti
al information 
olle
ted, the eÆ
ien
y is always 1.72



7. STATISTICAL INFORMATION COLLECTED 736.3. Control parameters. There should be one 
omparison parameter set to an int,either ">=", "<=", ">", "<", or "=". If none is spe
i�ed, ">=" is 
hosen.Setting, e.g., "<=" to 7 means that there must not be more than 7 
onstraints of the typespe
i�ed by the other parameters.type: This parameter is of type unsigned int spe
i�es the semanti
s bitmap as de�nedin expression.h.The bool parameters 
an be used to turn on, or o� all expression types, as spe
i�ed inexpression.h.bound: ex boundlinear: ex linearquadrati
: ex quadrati
polynomial: ex polynomialother: ex otherkj: ex kjorg: ex orgredundant: ex redundantrestri
tive: ex restri
tivea
tive: ex a
tiveina
tive: ex ina
tiveinteger: ex integerexists: ex existsforall: ex forallfree: ex freesto
hasti
: ex sto
hasti

onvex: ex 
onvex
on
ave: ex 
on
aveequality: ex equalityleftbound: ex leftboundrightbound: ex rightboundatmlin: ex atmlinatmquad: ex atmquadatmpoly: ex atmpolynonlin: ex nonlinnonbnd: ex nonbndany: ex anybothbound: ex bothbound6.4. Termination reason. There is no termination reason ex
ept 'SUCCESS' (0 or 100).7. Statisti
al information 
olle
tedNo useful statisti
al information is 
olle
ted.



CHAPTER 14TU Darmstadt module DONLP2-INTV1. Namedonlp2 intv. 2. Module Typenonlinear lo
al optimizer 3. Des
riptiondonlp2 intv is a general purpose nonlinear optimizer for 
ontinuous variables. It is intendedfor the minimization of an (in general nonlinear) di�erentiable real fun
tion f subje
t to (ingeneral nonlinear) inequality and equality 
onstraints . Spe
i�
ally the problem is a

epted inthe following form: f(x�) = minff(x) : x 2 SgS = fx 2 IRn : xu � x � xo ;bu � Ax � bo ;
u � 
(x) � 
og :Here A is a matrix of dimension nlin�n and 
 is a ve
torvalued fun
tion of dimension nonlin.The lower and upper bounds xu; xo; bu; bo; 
u; 
o may have 
omponents equal to �1 resp.1 and, if �nite, may also be equal, indi
ating an equality 
onstraint. This applies also for xuand xo, (xo)i = (xu)i indi
ating a �xed variable. Sin
e there is no internal prepro
essor, in that
ase an expli
it equality 
onstraint is used internally. Under weak assumptions on the problemone 
an show that the solver determines a point satisfying the �rst order optimality 
onditionsfrom arbitrary initial guesses. 4. Dependen
iesNone 5. Overall limit sizeUnknown 79



80 14. TU DARMSTADT MODULE DONLP2-INTV6. Servi
es6.1. 1 Name: solveInput:(1) Type: 
onst gptr<work node>&.Meaning: pointer to a work nodeOutput: The 
ode returns with an approximate lo
al minimizer, the multipliers fromthe multiplier rule and the 
orresponding fun
tion values. It also 
olle
ts some statis-ti
al information and gives an indi
ator of the problems sensitivity.Des
ription: donlp2 
omputes a lo
al solution to a nonlinear programming problemsatisfying the �rst order ne
essary optimality 
onditions.Control Parameters:(1) Name: tau0Type: doubleDes
ription: bound for 
onstraint violation during runDefault value: 1.0(2) Name: del0Type: doubleDes
ription: bound for 
onsidering an inequality as a
tiveDefault value: 1.0(3) Name: delminType: doubleDes
ription: tolerated infeasibility in solutionDefault value: 1.0e-6(4) Name: epsxType: doubleDes
ription: tolerated error in multiplier ruleDefault value: 1.0e-5(5) Name: 
oldType: boolDes
ription: 
old start indi
atorDefault value: true(6) Name: nresetType: intDes
ription: tolerated number of small ineÆ
ient stepsDefault value: nReason for termination:Integer: from {16 to {13 and from {9 to 3String:� 'CONSTRAINT EVALUATION RETURNS ERROR WITH CURRENT POINT' ({9)� 'OBJECTIVE EVALUATION RETURNS ERROR WITH CURRENT POINT' ({8)� 'QPSOLVE: EXTENDED QP-PROBLEM SEEMINGLY INFEASIBLE ' ({7)



9. STATISTICS 81� 'QPSOLVER: NO DESCENT FOR INFEAS FROM QP FOR TAU=TAU MAX' ({6)� 'QPSOLVER: ON EXIT CORRECTION SMALL, INFEASIBLE POINT' ({5)� 'STEPSIZESELECTION: COMPUTED D FROM QP NOT A DIR. OF DESCENT' ({4)� 'MORE THAN MAXIT ITERATION STEPS' ({3)� 'STEPSIZESELECTION: NO ACCEPTABLE STEPSIZE IN [SIGSM,SIGLA℄' ({2)� 'SMALL CORRECTION FROM QP, INFEASIBLE POINT' ({1)� 'KT-CONDITIONS SATISFIED, NO FURTHER CORRECTION COMPUTED' (=0)� 'COMPUTED CORRECTION SMALL, REGULAR CASE ' (1)� 'STEPSIZESELECTION: X ALMOST FEASIBLE, DIR. DERIV. VERY SMALL' (2)� 'KT-CONDITIONS (RELAXED) SATISFIED, SINGULAR POINT' (3)� 'VERY SLOW PRIMAL PROGRESS, SINGULAR OR ILLCONDITONED PROBLEM' ({16)� 'MORE THAN NRESET SMALL CORRECTIONS IN X ' ({15)� 'CORRECTION FROM QP VERY SMALL, ALMOST FEASIBLE, SINGULAR ' ({14)� 'NUMSM SMALL DIFFERENCES IN PENALTY FUNCTION,TERMINATE' ({13)Des
ription: For the explanation of the status values, see the user guide.7. InputDes
ription: Given a work node the 
ode evaluates the model DAG and extra
ts thene
essary information from this. This is individual information about the 
oeÆ
ientsof the linear 
onstraints, the bounds on the variables and the 
onstraints and the valuesof the obje
tive fun
tion and the nonlinear 
onstraints as well as their gradients.The model is required to represent a di�erentiable fun
tion.8. OutputDes
ription: The 
ode returns with an approximate lo
al minimizer, the multipliersfrom the multiplier rule and the 
orresponding fun
tion values. It also 
olle
ts somestatisti
al information and gives an indi
ator of the problems sensitivity.Des
ription of non-standard delta's: None9. Statisti
sDes
ription:



82 14. TU DARMSTADT MODULE DONLP2-INTV(1) num of iter : number of steps total .(2) num of f : number of obje
tive fun
tion evaluations .(3) num of gradf: number of obje
tive gradient evaluations.(4) num of 
on : number of nonlinear 
onstraint evaluations.(5) num of grad
on: number of nonlinear 
onstraints gradients evaluations.(6) num of restarts: number of restarts for the quasi Newton Hessian update.(7) num of full upd: number of quasi Newton updates without modi�
ation.(8) num of upd : number of all quasi Newton updates.(9) num of full sqp : number of steps with problem regularization through additionof sla
ks.



CHAPTER 15UWien Ex
lusion boxes using Karush-John 
onditions1. NameEx
lusion box KJ 2. Module TypeAnnotation generator 3. Des
riptionEx
lusion box KJ 
omputes two boxes Bi and Bx whi
h have the following property: Bi
ontains at least one (or exa
tly one) Karush-John point for the presented model, Bi � Bx,and BxnBi does not 
ontain a Karush-John point.Given an approximate Karush-John point z we iteratively produ
e boxes Br 
entered at z withradius r. In these boxes we 
ompute the interval slope F [z; Br℄ for all equality 
onstraints, anapproximate midpoint inverse C(r), and the matrix H(r) = F [z; Br℄C(r). Then we �nd a zero~r for f(r) = kH(r)� Ik � 1 using a se
ant method, and set Bx = B~r.Bi for uniqueness is 
omputed by using the same test with the interval derivative F 0[x℄ inside12Br and applying the Kraw
zyk operator iteratively.4. Dependen
iesNone 5. Overall limit sizeUnknown 6. Servi
es6.1. 1 Name: generateInput:(1) Type: Any work node 
ontaining the Karush-John 
onditions and an (approxi-mate) Karush-John point.Meaning: None 83



84 15. UWIEN EXCLUSION BOXES USING KARUSH-JOHN CONDITIONSOutput: The 
ode returns an ex
lusion box delta 
ontaining Bx and auniqueness area delta 
ontaining Bi.Des
ription: This servi
e generates ex
lusion regions.Control Parameters:(1) Name: ex
lusion onlyType: boolDes
ription: Only 
onstru
t an ex
lusion box Bx.Default value: false(2) Name: with uniquenessType: boolDes
ription: Constru
t Bi using interval derivatives su
h that uniquenessof the Karush-John point is guaranteed.Default value: trueReason for termination:Integer: 0 or {1String:� \SUCCESS"� \NO MODEL DEFINED"Des
ription: None 7. Statisti
sDes
ription: The ratios of the radii rad(Bx)= rad(Bi), and of the radiirad(x)= rad(Bx).



CHAPTER 17UWien Karush{John 
onditions generator1. NameKJ generator 2. Module TypeConstraint generator 3. Des
riptionKJ generator 
omputes a dire
ted a
y
li
 graph representing all operations and 
onstraintsneeded to 
ode the Karush{John 
onditions.Consider the optimization problem(4) min f(x)s.t. ABx 2 bB; ALx � bL; AUx � bU ; AEx = bE;FB(x) 2 FB; FL(x) � FL; FU(x) � FU ; FE(x) = FEIf this problem is represented in the work node passed, the KJ generator produ
es the 
orre-sponding Karuhsh{John 
onditions. In the generated DAG, for every new variable (Lagrangemultiplier) and every new node the ex kj 
ag is set.The KJ 
onditions are generated by adding the following 
onstraints to the existing DAG.
(5)

�g(x)� ATByB � ATLyL + ATUyU+ATEyE � F 0B(x)T zB � F 0L(x)T zL + F 0U(x)T zU + F 0E(x)zE = 0zL � (FL(x)� FL) = 0; zL � 0;zU � (FU(x)� FU) = 0; zU � 0;zB � (FB(x)� FB) � (FB(x)� FB) = 0;zB � (FB(x)� FB) � 0; zB � (FB(x)� FB) � 0;yL � (ALx� bL) = 0; yL � 0; yU � (AUx� bU ) = 0; yU � 0;yB � (ABx� bB) � (ABx� bB) = 0;yB � (ABx� bB) � 0;yB � (ABx� bB) � 0�2 + zTBzB + zTLzL + zTUzU + zTEzE = 1;87



88 17. UWIEN KARUSH{JOHN CONDITIONS GENERATORwhere � denotes 
omponentwise multipli
ation of two ve
tors.4. Dependen
iesNone 5. Overall limit sizeUnknown 6. Servi
es6.1. 1 Name: generateInput:(1) Type: Any work node Meaning: The input problem.Output: The 
ode returns with a dag delta 
ontaining all additional variables (themultipliers), operations and 
onstraints needed to represent the Kuhn-Tu
ker 
ondi-tions.Des
ription: This servi
e generates the Karush{John 
onditions for the model 
on-tained in the work node.Control Parameters: NoneReason for termination:Integer: 0 or {1String:� \SUCCESS"� \NO MODEL DEFINED"Des
ription: None 7. Statisti
sDes
ription: None



CHAPTER 18UWien Linear relaxation generator using slopes1. NameLinear Relaxation SLP 2. Module TypeConstraint generator 3. Des
riptionLinear Relaxation SLP 
omputes a dire
ted a
y
li
 graph representing a linear relaxation ofthe model represented by the work node passed.For every 
onstraint f(x) 2 b we 
ompute an interval slope en
losure of the formf(x) 2 f +X si(xi � zi):Then we 
ompute a linear underestimator byl(x) = f +X si(xi � zi) + si(xi � zi)� si(xi � zi)xi � xi (xi � xi):Analogously, we 
ompute a linear overestimator l(x).Then we add the two new 
onstraints l(x) � fl(x) � f:All 
onstraints whi
h would involve in�nities are left out.4. Dependen
iesNone 5. Overall limit sizeUnknown 89



90 18. UWIEN LINEAR RELAXATION GENERATOR USING SLOPES6. Servi
es6.1. 1 Name: generateInput:(1) Type: work node.Meaning: the spe
i�
ation of the problemOutput: The 
ode returns with a dag delta 
ontaining all 
onstraints needed torepresent the linear relaxation.Des
ription: This servi
e generates a linear relaxation of the original problem usinginterval slopes.Control Parameters:(1) Name: with kjType: boolDes
ription: If this is false use only the original problem to generate arelaxation. If this parameter is set to true, also the Karush-John 
onditionsare used to 
onstru
t the relaxation.Default value: true(2) Name: full deltaType: boolDes
ription: This de
ides whether the dag delta adds 
onstraints to theoriginal problem (false) or if the generated 
onstraints repla
e the original
onstraints in the model (true).Default value: true(3) Name: 
enterType: ve
tor<double>Des
ription: Spe
i�es the 
enter at whi
h the slopes are being 
omputed.The default value for this parameter is the safeguarded midpoint of theen
losures of all the variables.Default value: safeguarded midpoint of the box.Reason for termination:Integer: 0 or {1String:� \SUCCESS"� \NO MODEL DEFINED"Des
ription: None 7. Statisti
sDes
ription: None



CHAPTER 20UWien Simple ConvexityH. SCHICHLUniversity of Vienna, Department of Mathemati
sA-1090 Wien, Austriaemail: Hermann.S
hi
hl�esi.a
.at1. CopyrightThis information is 
opyright by Dr. Hermann S
hi
hl from the Mathemati
s Department ofthe University of Vienna. 2. Module nameModule name is Simple Convexity 3. Type of moduleSimple Convexity is an annotation generator.4. Des
ription of the moduleSimple Convexity is a module whi
h performs a simple 
onvexity test to all 
onstraints andthe obje
tive fun
tion. 5. LimitsThere are no hard
oded limits. 6. Servi
e 
onvexity testSimple Convexity tries to determine the 
onvexity information for all nodes of the DAG. Ituses a simple propagation algorithm, as spe
i�ed in deliverable D12.6.1. Kind of input. Any work node.6.2. Output provided. The 
ode returns with a semanti
s delta 
hanging the 
onvexityinformation of all nodes and setting the 
onvexity algorithm type to 1.There is no useful statisti
al information 
olle
ted, the eÆ
ien
y is always 1.96



7. STATISTICAL INFORMATION COLLECTED 976.3. Control parameters. None.6.4. Termination reason. There is no termination reason ex
ept 'SUCCESS' (0), and 'NOMODEL DEFINED' (-1). 7. Statisti
al information 
olle
tedNo useful statisti
al information is 
olle
ted.



CHAPTER 24Template for des
ription of modules1. Name2. Module Typee.g., solver, 
he
ker, �lter 3. Des
riptionof the module 4. Dependen
ieson other modules, software, libraries, et
.5. Overall limit sizeof what 
an be pro
essed by the module 6. Servi
esfor ea
h servi
e6.1. 1 Name: of the servi
eInput: for ea
h input parameter of the servi
e(1) Type: the type of the parameter in terms of C++Meaning: short 
omment(2) idemOutput: produ
ed by the servi
eDes
ription: of what the servi
e doesControl Parameters:(1) NameType: the C++ type of the 
ontrol parameterDes
ription: short 
ommentDefault value(2) idemReason for termination: 110



9. STATISTICS 111Integer: 0 (su

ess, if non-negative; module-spe
i�
 termination 
ode otherwise)String: the messages a

ompaniying di�erent termination 
odesDes
ription: explanations, if ne
essary6.2. 2 Name: idem 7. InputDes
ription: of what is required from the input 
onstraints and obje
tive, e.g. thedegree of smoothness 8. OutputDes
ription: of the data produ
ed by all the servi
esDes
ription of non-standard delta's: if su
h are generated by some servi
es9. Statisti
sDes
ription: of the stati
ti
al data generated by the module
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