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Introduction

Software for solving multiobjective optimizationgiMems is not easy to find. The task gets even miffieult

if the problem involves nonlinear functions. WWWMNBUS [8], an interactive software system operatimg
the Internet, has been developed to answer thisl. neecan be used for solving nonlinear and even
nondifferentiable and nonconvex multiobjective optiation problems. Because the Internet is easitgssible,
the system is automatically available to large neratof people. In 1995, the first version of WWWMBUS
was the first interactive multiobjective optimizati software operating on the Internet. Even nowembersion
3.3 of WWW-NIMBUS is available at http://nimbus.myu.fi/ it continues to be a unique software syste
WWW-NIMBUS has changed quite a lot during the ydarsit can still be used free of charge for teaghand
academic research proposes.

WWW-NIMBUS is based on the principles of centrafizéomputing and distributed interface. This means
that all the calculations take place in a servenmater at the University of Jyvaskyld and the ustarface is
the browser of each individual user. In this wéng system sets no requirements on the user's cergnd the
operating system used and/or compilers availaldg pb role. There is nothing to be installed anel ldtest
version of the system is always available. Furtleeemthe World-Wide Web (WWW) provides a convenient
and graphical user interface with visualizationgiloiities.

The NIMBUS method is the core of WWW-NIMBUS. NIMBUS$Nondifferentiable Interactive
Multiobjective BUndle-based optimization System)ais interactive method where preference informatson
acquired from the decision maker in the form ofessification of the objective functions. The meathw@s been
applied, for example, in structural design probldig], in the optimal control problems of the conibus
casting of steel [12] and in the optimal shapegitesf paper machine headboxes [3]. Results with lsmall-
scale and large-scale problems give evidence afdiability and efficiency of the method. Differieversions of
NIMBUS are described in [5,6, 7]. Here we concestan the latest, so-called synchronous, versioh [1

In NIMBUS, the decision maker can iteratively leaout the problem and can conveniently direct the
solution process. NIMBUS has been designed to bg teause and, unlike many interactive methoddodéts not
require consistent information from the decisiorkeraFurthermore, the information handled is strefwrward.
The objective function values have a direct meatortipe decision maker and no artificial concepésreeeded.

NIMBUS Method

The multiobjective optimization problems to be ddesed are of the form



with k objective functions to be minimized simultaneously. Tkiecision vector belongs to
the (nonempty) compaéeasible seS The images of the feasible decision vectors alled feasibleobjective
vectors

The idea of the interactive NIMBUS method is to m@round the set of Pareto optimal solutions. Tives,
need information about the ranges of the feasibjeative vectors in the Pareto optimal set. Werrfe¢he best
values of each objective function as thdeal values

In the interactive solution process, the decisi@ken can at each iteration indicate what kind eblution
would be more satisfactory than the current with kielp of a classification. Thus, the user canuatel the
problem to be solved and adapt one's preferena@sgdihe solution process in an iterative and fiéxiway. Let

stand for the Pareto optimal decision vector atitbrationh. Then the decision maker is asked to classify

the objective functions into up to five classes d@dmjective functions whose values should be deecta

, should be decreased till some aspiration level are, satisfactory at the
moment , are allowed to increase till some uppamdo and are allowed to

change freely

The difference between the first two classes id¢ tha objective functions in the first class areb®
minimized as far as possible but the functionshie second class only till the aspiration level gt The
decision maker is asked to specify the aspiragwels and upper bounds, if needed. Since improveindghe
Pareto optimal set in any objective function valsepossible only by allowing impairment in soméent

objective function, the classification is feasibly if neither nor is empty.

After the classification, aubprobleni8] is formed based on the information specified a

where  are the ideal objective values. We set fomesemall positive scalar

Otherwise, we set

As shown in [9], different subproblems may leadlifferent solutions even though they are basedhen t
same preference information. Usually method dewwtogelect one subproblem, which means that tHegtse
the solution to be generated. Yet, there is no igereay how to identify the best solution withoatolving the
decision maker.

In the synchronous version of NIMBUS [10], there #iree subproblems available in addition to (HisT
means that if the decision maker wants so, (s)hesea up to four different solutions after one sifasation. In
other words, by classifying the objective functiame, the decision maker can get a better picticifferent
Pareto optimal solutions satisfying the prefereinéermation specified. Besides, the method devetop® not
have to make the choice related to the subprobBmsed on the experiments and comparison of differen
subproblems [9], we have selected subproblems agttdrom the STOM, GUESS and Wierzbicki's refeeenc



point methods (see, e.g. [7]). They all involveerefice point information that can be derived frdme t
classification.

In NIMBUS, the decision maker can also explore sirgel number of intermediate solutions between any
two solutions. Note that the solutions generatedgudifferent subproblems or as intermediate sohgiare not
all necessarily different [9]. In this case, weyosthow the different ones.

The algorithm is terminated if the decision makeesl not want to decrease any objective value apts
willing to let any objective value increase. Othesmy the search continues iteratively by movinguadbthe
Pareto optimal set.

WWW-NIMBUS System available at http://nimbus.mit.jyu.fi

The WWW-NIMBUS system is capable of solving nonéingroblems involving even nondifferentiable and
nonconvex functions where the variables can beimomtis or integer-valued. The constraints may beali,
nonlinear or bounds for variables.

Personal usernames and passwords enable savilgaadling private problems so that the user carrmetu
to them later. One can also visit WWW-NIMBUS asweegt but then it is not possible to save any probléeo
the system. Each page of WWW-NIMBUS has an indiaichelp page. The system has also a tutorial.

The problem to be solved can be specified eithdflling a web form or by preparing a Fortran sulttioe.
The possibility of specifying the problem as a sulbine enables the solution of large-scale problamd/or
problems that do not have explicit formulas of fimas. (However, this possibility is available flocal users

only.)

After the optimization problem has been specifibe, starting point, either given by the decisiorkeraor
generated automatically by the system, is projectdd the Pareto optimal set. This point is thdasakthe first
classification. The classification of the objectiumctions can be carried out either symbolicallygoaphically
by indicating desirable values in a bar chart wathmouse. The bars include information about theeotr
objective values as well as the estimated rangeadi objective function in the Pareto optimal set.

After the classification, the user selects the mmaxn number (between one and four) of different new
solutions to be generated. The system produces thersolving different subproblems using some of the
underlying optimizers. The user can select thenaipér for each iteration individually. If the ussishes to use
a computationally efficient local solver, it is e to use the proximal bundle method [4]. Thistimd can
solve even nondifferentiable problems but it assuthe objective and the constraint functions todeally
Lipschitz continuous and it needs (sub)gradientrimiation. If the problem has been specified usheyweb
form, the user does not have to derive (sub)gréslidmecause the software contains a symbolic
(sub)differentiator.

If the user prefers global optimization, (s)he satect between two variants of genetic algorithmthis
case, the problem to be solved may contain alsegémntvalued variables. The two variants use differe
constraint-handling techniques. One of them is dhame adaptive penalties [2] and the other is a ouetbf
parameter free penalties [1]. All the optimizersitedn technical parameters and the user can chhieggefault
values, if necessary.

Whenever the user attains an interesting soluiile(can save it in a solution database. This ntbahshe
user can comfortably return to previous solutidribey turn out to be interesting, after all. Tlemparison task
between any set of solutions is facilitated by gsiisualizations of the alternatives. The user s&act between
bar charts, value paths and petal diagrams in dloslolute and relative scales. The user can algo shme of
the alternatives from further consideration.

In the implementation of WWW-NIMBUS, the goal ha=eln to keep the system as general as possible. This
means that special features available only in tetieowsers have been avoided. The size of thel@gmbthat
can be solved has not been limited in the impleatent.



WWW-NIMBUS opens up a worldwide possibility for ahyternet user to utilize the achievements of the

Optimization Group (http://www.mit.jyu.fi/optgroupworking at the University of Jyvaskyla.
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