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Data envelopment analysis (DEA) has been widely applied to evaluate the
relative efficiency and provide the benchmarking information (efficient target)
for decision making units (DMUs) since introduced in 1987. DMUs may include
such as banks, hospitals, and schools. In DEA, two frameworks are commonly
used for efficiency evaluation and target setting, including: the greatest- and
least-distance frameworks, which provide the farthest and closest efficient
targets for the DMU under evaluation, respectively. Studies on the former
includes the conventional Charnes Cooper and Rhodes (CCR) model, Banker
Charnes and Cooper (BCC) model, additive (ADD) model, range adjusted
measure (RAM), and slacks-based measure (SBM). However, the closest
efficient target (CET) is often more appropriate than the farthest efficient
target, which was first noted in 1999 and has since become widely believed
among many DEA researchers. Because the CET is always more
easy-to-achieve and acceptable form the perspective of the managers of DMUs.
Thus, DEA researchers tend to aim to minimize the distance between the DMU
under evaluation and the efficient frontier to obtain an easy-to-achieve
efficient target, which indicates the CET. Inspired by that, this thesis focuses
on both the theoretical and practical aspects of efficiency evaluation and
benchmarking based on the least-distance DEA.

The least-distance DEA has been extensively researched because of the
practicability of the least-distance benchmarking information, which indicates
the CET, since proposed in 1999. However, no approaches have been
developed that can compute the CET over the entire efficient frontier. The
computation of the CET is considered to be difficult because the current
definition of the efficient frontier is implicit. In addition to the computation
issue, the least-distance DEA model encounters problem on the satisfaction of
a set of desirable properties accepted in DEA, especially monotonicity. Thus,
the development of a well-defined least-distance DEA model that satisfies
these desirable properties is necessary. The aforementioned aspects are the
motivations for this thesis. In this thesis, | focus on the computation of the
CET and the proposal of a new least-distance DEA model satisfying the
desirable properties in DEA. Concretely, a new MIP approach, which is referred
to as the NMIP approach, is proposed for the computation of the CET. Besides,
a well-defined least-distance range adjusted measure is proposed as a model
for efficiency evaluation and benchmarking, which is referred to as LRAM. And
the main contents of the thesis are briefly summarized as follows.

Chapter 1 offers the background of this research, reviews the related
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previous works, addresses the objectives, and shows the structure of this
thesis.

Chapter 2 provides the basic concepts of DEA on efficiency evaluation and
benchmarking. It begins by introducing the definition of the production
possibility set. Four notable properties of the production possibility set and
two commonly used production possibility sets are illustrated in detail. The
efficiency of DMUs is the most concerned in DEA. Hence, the attention then
moves to the efficient frontier, including the definition of the efficient frontier,
the illustration of the two kinds of the efficient frontier, and remarks on the
current definition of the efficient frontier. Finally, | introduce the famous CCR
model and BCC model, and a simple numerical example is given to show how a
DEA model works.

Chapter 3 concerns on the theoretical background of the least-distance DEA.
| illustrate the least-distance DEA at first and emphasize its difference from
the conventional DEA. From the illustration and comparison, the necessity of
the least-distance DEA is more rigorously established. Subsequently, |
introduce four desirable properties in DEA and three representative
least-distance DEA models, including their formulations and features. Finally,
the issues in the least-distance DEA, such as the computation and property of
the models, are discussed.

In Chapter 4, | focus on the computation of the CET in DEA. First, the
Karush-Kuhn-Tucker (KKT) condition is used to redefine the efficient frontier to
be computation-friendly. Using this definition, | find that the CET can be
obtained by solving a mathematical program with linear complementarity
constraints. Therefore, a new MIP approach, which is referred to as the NMIP
approach, is proposed for the computation of the CET in this chapter. The
difference between the NMIP approach and the representative previous MIP
approach is thoroughly analysed and discussed. Moreover, numerical
experiments are conducted to compare the performance of the NMIP approach
with that of the previous MIP approach. | further discuss possible extensions
and applications of the NMIP approach at the end of this chapter.

In Chapter 5, | develop a well-defined Ileast-distance range adjusted
measure as a model for efficiency evaluation and benchmarking, which is
referred to as LRAM. The conventional range adjusted measure (RAM), which
acts as a well-defined model satisfying a set of desirable properties, is
introduced first for comparison. Thereafter, building upon the work of the

existing studies, the LRAM is developed. Relying on the NMIP approach in
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Chapter 4, | show that the LRAM can be computed easily. Details on the LRAM,
including the description and computation approach of the measure, are
provided in this chapter.

Chapter 6 investigates the performance of the LRAM by applying it to a
sample, which contains the data of Japanese banks corresponding to the
period 2017-2019. As a preliminary preparation, data description and
input/output variable selection are initially performed. The analysis is divided
into two parts, including performance and benchmark analysis. For the
benchmark analysis, | quantify the extent of input-output modification to
enable a direct comparison between efficient targets yielded by the RAM and
LRAM. In fact, these modification percentages are presumed to be necessary
for inefficient banks to achieve efficiency, and they have consistently been
implemented in DEA.

Chapter 7 concludes the thesis and suggests some possible directions for

future research.
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