. mathematics ﬁw\o\w

Editorial
Advances and Novel Approaches in Discrete
Optimization

Frank Werner

Fakultdt fir Mathematik, Otto-von-Guericke-Universitat Magdeburg, PSF 4120, 39016 Magdeburg, Germany;
frank.werner@ovgu.de

check for
Received: 17 August 2020; Accepted: 18 August 2020; Published: 25 August 2020 updates

Discrete optimization is an important area of applied mathematics which is at the intersection
of several disciplines and covers both theoretical and practical aspects. In the Call for Papers for this
issue, I asked for submissions presenting new theoretical results, structural investigations, new models,
and algorithmic approaches, as well as new applications of discrete optimization problems. Among the
possible subjects, integer programming, combinatorial optimization, optimization problems on graphs
and networks, scheduling, logistics, and transportation were mentioned, to name a few.

In response to the Call for Papers, 43 submissions have been received. All submissions have been
reviewed, as a rule, by at least three experts in the discrete optimization area. Finally, 17 papers have
been accepted for this Special Issue, all of which are of high quality, reflecting the great interest in the
area of discrete optimization. This corresponds to an acceptance rate of 39.5%. The authors of these
publications come from 13 different countries—China, Pakistan, India, Nepal, Germany, Mexico, USA,
Australia, Slovakia, Russia, Korea, Ukraine, and Belarus.

This Special Issue contains both theoretical works and practical applications in the field of discrete
optimization. Although many different aspects of discrete optimization have been addressed by the
submissions, among the accepted papers there is a major part dealing with scheduling problems as
well as graphs and networks. We hope that researchers and practitioners will find many inspirations
for future work in the exciting area of discrete optimization. Next, all published papers in this Special
Issue are briefly surveyed in increasing order of their publication dates.

The first two papers deal with topological indices of graphs. In the first accepted paper,
Ali et al. [1] consider degree-based topological indices and some derived graphs. The goal of this
paper is to investigate the chemical behavior of these graphs by means of the topological indices.
In particular, the authors find the exact results for the Forgotten index, the Balaban index, reclassified
the Zagreb indices, the ABC, index and the GAjs index of Hex-derived networks of type 3.

Yang et al. [2] consider the extended adjacency index of a molecular graph. In particular,
the authors show some graph transformations which increase or decrease this index. Then they
derive the extremal acyclic, unicyclic and bicyclic graphs with a minimum and a maximum extended
adjacency index, respectively.

The next three papers deal with particular scheduling problems. Zuo et al. [3] consider two
single-machine scheduling problems with possible job rejection and a non-availability interval of the
operator simultaneously. The objective is to minimize the sum of either the makespan or total weighted
completion time of the accepted jobs and the total cost for the rejected jobs. The authors suggest
a pseudo-polynomial solution algorithm as well as a fully polynomial-time approximation scheme.

Wei et al. [4] deal with a problem of transportation and batching scheduling. A single vehicle is
considered, and the goal is to minimize total weighted completion time. The main results of this paper
are the proof that the problem is N P-hard in the strong sense for any batch capacity of at least 3 as well
as a polynomial-time 3-approximation algorithm for the case of a batch capacity of at least 2.

Li et al. [5] consider a bi-criteria online scheduling problem on parallel batch machines. The batch
capacity is unbounded, the processing times of all jobs and batches are equal to one, and the
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objective is to minimize the maximum machine cost subject to a minimum makespan. The authors
consider two types of cost functions and present two best possible online algorithms for the problem
under consideration.

Pyakurel et al. [6] present efficient algorithms to solve dynamic flow problems with constant
attributes as well as generalized problems with partial contraflow reconfiguration in the context
of evacuation planning. In particular, a strongly polynomial time algorithm for calculating
an approximate solution of the quickest partial contraflow problem on two terminal networks
is derived. Numerical results are given for the road network of Kathmandu (Nepal) as the
evacuation network.

The next two papers deal again with scheduling problems. Vakhania [7] investigates a single
machine scheduling problem with given release dates, due dates, and divisible processing times.
The objective is to minimize maximum lateness. He suggests a general method which also leads
to useful structural properties of this problem and helps to identify polynomially solvable cases.
In particular, for the case of mutually divisible job processing times a polynomial-time algorithm results,
and this case turns out to be maximal polynomially solvable one of this problem with non-arbitrary
processing times.

Li et al. [8] consider an online scheduling problem with parallel batch machines and linearly
deteriorating jobs. The batch capacity is unbounded, and the objective is to minimize the makespan.
For the special case of m = 1, a best possible online algorithm with a competitive ratio of (1 + &z )/
is given, where f denotes the number of job families and «;,y gives the maximal deterioration rate
of a job. Furthermore, for m = f > 1, a best possible online algorithm with a competitive ratio of
1 4 &y is also derived.

Gu and Yang [9] deal with the max-cut problem. They develop a unique method combining
a pointer network and two deep learning strategies, namely supervised learning and reinforcement
learning. The pointer network model includes a Long Short-Term Memory network and
an Encoder-Decoder. It turned out that their model can be used to solve large-scale max-cut problems
heuristically, where for high-dimensional cases, reinforcement learning turned out to be superior to
supervised learning.

Cordona-Valdes et al. [10] deal with the multi-product, multi-period capacitated lot sizing problem.
Determining the optimal lot size allows shortages resulting in a penalty cost. Two mixed-integer
formulations are developed: one model allows shortages, and the other one enforces the fulfillment of
the demand. The developed models have been applied to a Mexican fashion retail company within
a case study. Both formulations significantly reduced the final inventory costs.

Stas [11] investigates a graph-theoretic subject, namely the crossing number of a graph which
is the minimum number of edge crossings over all drawings of the graph in the plane. In particular,
he presents this number for the join product K3 3 + C;;, where K5 3 is the complete bipartite graph and
Cy, is a cycle on n vertices. The methods applied by the author use several combinatorial properties on
cyclic permutations.

Shablya et al. [12] look for new combinatorial generation algorithms. They give basic general
methods and investigate one of them based on AND/OR trees. They apply the method of compositae
from the theory of generating functions. To show the effectiveness of the suggested modifications,
they also derive new ranking and unranking algorithms for several combinatorial sets.

Arora et al. [13] deal with an optimized analysis and planning for power generation and
management. They describe several optimization methodologies. In particular, binary variations
of the moth flame optimizer and the Harris hawks optimizer are analyzed and tested on
23 benchmark functions, for example, unimodal, multi-modal ones and functions with fixed dimension.
The comparison and simulation results demonstrate that their implemented algorithm delivered
better results towards the load frequency control problem of a smart grid arrangement compared to
earlier methods.
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Pankratov et al. [14] deal with packing problems of irregular 3D objects. By using the phi-function
technique, the problem is reduced to the solution of a nonlinear programming model and solved
by a multi-start strategy with finding local extreme points. The algorithm has been tested on some
benchmark instances.

Lazarev et al. [15] consider the single-machine problem with given release dates and the
objective to minimize the maximum job penalty. While this problem is NP-hard in the strong sense,
they introduce a dual and an inverse problem, which can be both polynomially solved. The optimal
function value of the dual problem is incorporated as a lower bound into a branch and bound algorithm
for the original problem. The authors present computational results with this enumerative algorithm
for hard benchmark instances with up to 20 jobs. Most of the instances considered can be solved very
fast by the proposed algorithm.

Drahos et al. [16] present a method for a conversion between the Logarithmic Number System
(LNS) and floating point (FLP) representations using Reduced Instruction Set Computing (RISC).
After giving an overview on FLP and LNS number representations, two algorithms of the RISC
conversion between both systems using the looping in sectors’ procedure are presented. The proposed
algorithms deliver a very small maximum relative conversion error, and the authors also mention
some interesting applications such as camera systems or car control units.

Sotskov et al. [17] consider the two-machine job-shop scheduling problem with interval processing
times and makespan minimization. The focus of this paper is how to execute a schedule in the best
way. The paper uses the concept of a minimal dominant set of schedules. An online algorithm of
the complexity O(n?) has been developed, where 1 denotes the number of jobs. Detailed numerical
results are given for instances with up to 100 jobs and different maximal percentage errors in the
processing times.
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