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Abstract
In this paper, by considering the experts’ imprecise or fuzzy understanding of the nature of the parameters in the
problem-formulation process, large-scale multiobjective block-angular linear programming problems involving fuzzy parameters characterized by fuzzy numbers are formulated. Using the -level sets of fuzzy numbers, the corresponding
nonfuzzy -programming problem is introduced. The fuzzy goals of the decision maker for the objective functions are
quanti ed by eliciting the corresponding membership functions including nonlinear ones. Through the introduction of an
extended Pareto optimality concept, if the decision maker speci es the degree and the reference membership values, the
corresponding extended Pareto optimal solution can be obtained by solving the minimax problems for which the Dantzig–
Wolfe decomposition method is applicable. Then a linear programming-based interactive fuzzy satis cing method for
deriving a satis cing solution for the decision maker eciently from an extended Pareto optimal solution set is presented
along with an illustrative numerical example. c 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction
In multiobjective optimization problems, multiple objectives are often noncommensurable and cannot be
combined into a single objective. Moreover, the objectives usually con ict with each other in that any improvement of one objective can be achieved only at the expense of another. Consequently, in multiobjective
optimization, the notion of Pareto optimality or eciency has been introduced instead of the optimality concept for single-objective optimization. However, decisions with Pareto optimality or eciency are not uniquely
determined; the nal decision must be selected from among the set of Pareto optimal or ecient solutions
[2, 8, 15].
On the other hand, almost all of the optimization problems facing humans today have very large numbers of variables. Fortunately, however, most of the large-scale programming problems arising in real-world
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application almost always have a special structure that can be exploited. One familiar structure is the block
angular structure to the constraints and decomposition methods have several signi cant advantages over conventional methods in solving large-scale programming problems with the block angular structure. From such
a point of view, since Dantzig and Wolfe [3] proposed the decomposition principle for large-scale linear programming problems with block angular structure at the beginning of 1960’s, subsequent works on large-scale
mathematical programming problems with block angular structure have been numerous [3, 8 – 14, 24, 21, 22].
At this juncture, as a rst attempt, we focused on large-scale linear programming problems with the block
angular structure for which the decision maker is assumed to have a fuzzy goal and fuzzy constraints [1].
Having elicited the linear membership functions which well represent the fuzzy goal and fuzzy constraints, if
the convex fuzzy decision [1] was adopted for combining them, it was shown that, under some appropriate
conditions, the formulated problem can be reduced to a number of independent linear subproblems and the
satis cing solution for the decision maker is directly obtained just only solving the subproblems [20]. Then
we also considered a fuzzy programming approach [25, 26, 15], in the framework of the fuzzy decision
of Bellman and Zadeh [1], to large-scale multiobjective linear programming problems with block angular
structure by incorporating the Dantzig–Wolfe decomposition method. By extending the framework of the fuzzy
decision of Bellman and Zadeh, we have proposed an interactive fuzzy satis cing method [19] through the
combination of the desirable features of both the interactive fuzzy satis cing methods [15] and the Dantzig–
Wolfe decomposition method [3]. Furthermore, in contrast to the large-scale multiobjective block-angular
linear programming problems, by considering the experts’ imprecise or fuzzy understanding of the nature
of the parameters in the problem-formulation process, we have formulated large-scale multiobjective blockangular linear programming problems involving fuzzy parameters characterized by fuzzy numbers. Using the
-level sets of fuzzy numbers, we [18] have introduced the -Pareto optimality concepts and presented an
interactive decision-making method which utilizes the Dantzig–Wolfe decomposition method.
Under these circumstances, in this paper, we further consider large-scale multiobjective block-angular linear
programming problems involving fuzzy parameters by incorporating the fuzzy goals of the decision maker.
These fuzzy parameters, re ecting the experts’ ambiguous understanding of the nature of the parameters
in the problem-formulation process, are assumed to be characterized as fuzzy numbers. Using the -level
sets of fuzzy numbers, the corresponding nonfuzzy -programming problem is introduced. The fuzzy goals
of the decision maker for the objective functions are quanti ed by eliciting the corresponding membership
functions including nonlinear ones. In our interactive decision making method, if the decision maker speci es
the degree and the reference membership values, the corresponding extended Pareto optimal solution can
be obtained by solving the minimax problems for which the Dantzig–Wolfe decomposition method is applicable. The satis cing solution for the DM can be derived eciently from extended Pareto optimal solutions by
updating the reference membership values and=or the degree based on the current values of the extended
Pareto optimal solution together with the trade-o information between the membership functions and the
degree . An illustrative numerical example is provided to demonstrate the feasibility of the proposed method.

2. Problem formulation
In general, a large-scale multiobjective linear programming (LSMOLP) problem with the block angular
structure is formulated as:
minimize

c1 x = c11 x1 + · · · + c1p xp

minimize

c2 x = c21 x1 + · · · + c2p xp
..
.

