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The greedy method is a well-known approach for problem solving directed mainly at the solution of optimization
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problems. Leading theoretical frameworks dealing with the optimality of greedy solutions (e.g., the matroid and

greedoid theories) tacitly assume that the greedy algorithm is always guided by the cost function to be optimized.
namely, it builds a solution by adding, in each step, an element that contributes the most to the value of the cost
function. This paper studies a class of problems for which this type of a greedy algorithm does not optimize the
given cost function, but for which there exists a secondary objective function, called a greedy rule, such that

H #
| 8*

applying the greedy algorithm to the secondary objective function yields a solution which is optimal with respect

to the original cost function.

The greedy method is a well-known approach for
problem solving directed mainly at the solution of
optimization problems involving the selection and/or
the ordering of elements from a given set so as to
maximize or minimize a given objective function.
Nilsson! views the greedy algorithm as an irrevocable
(i.e., without backtracking) search strategy that uses
local knowledge to construct a solution in a “hill climb-
ing” process. The greedy control strategy selects the
next state so as to achieve the largest possible improve-
ment in the value of some measure that, as pointed out
by Horowitz and Sahni.'*! may or may not be the
objective function.

Omur interest in greedy methods originated in earlier
research in the area of heuristic problem solving.!?! The
connection between these two subjects is twofold. First,
greedy schemes are probably the closest to emulate
human problem-solving strategies because they require
only a minimum amount of memory space and because
they often produce adequate (if not optimal) results.
(Due to the small size of human short-terrmn memory, it
is very hard to conceive of a human conducting best-
first or even backtracking search, both requiring reten-
tion of some properties of previously suspended alter-
natives.) Second, greedily optimized problems (i.e., for
which a greedy algorithm produces optimal soiutions)
represent a class of relatively easy problems. Pear}!'®}
has demonstrated that many heuristics used in the
solution of hard problems are based on simplified
models of the problem domain, which admit easy so-
lutions. Therefore, the ability to characterize classes of
easy problems is important, particularly if the process
of discovering heuristics is to be mechanized.

Subyect classificarion: Analysis of algorithms: optimality of greedy algorithms.
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This paper is concerned exclusively with ordering
problems, involving a set of elements and a cost func-
tion defined on ail permutations of the elements, where
the task is to order the elements so as to maximize (or
minimize) the value of the cost function. Job sequenc-
ing on a single machine and the traveling salesman
problems are two examples of this class of problems.

A theoretical framework, called greedoid theory,
which characterizes a class of ordering problems that
can be solved optimally by greedy algorithms, is due to
Korte and Lovasz./®! The greedoid structure is a gener-
alization of the matroid structure which provides a
theoretical foundation for the optimality of the greedy
algorithm on selection problems. (In contrast with or-
dering problems. selection problems involve a set of
elements and a cost function defined on all unordered
subsets of elements, where the task is to select a subset
of elements which satisfies some property, so as to
maximize (or minimize) the value of the cost function.
The minimum weight spanning tree problem is a well
known example of this class of problems. For further
details on matroids refer, for example, to Lawler® or
Welsh!!2h),

The greedoid theory (as well as the matroid theory)
considers only greedy algorithms that use the cost func-
tion to be optimized as their selection criterion, namely,
which build the solution by adding, at each step, that
element which results in maximum improvement in
the wvalue of that cost function. The appendix to this
paper lists a number of known ordering problems for
which this greedy algorithm does not optimize the cost
function, but for which there exists a secondary objec-
tive function, which we call a greedy rule, such that
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