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IUT Dept. Math. Sci.

Welcome Address

On behalf of SCO2PT 2021 Organizing Committee, the Department of Mathe-
matical Sciences, Isfahan University of Technology (IUT), Iran, and the Institute
of System Analysis and Computer Science (IASI), “Antonio Ruberti”, National
Research Council(CNR), Italy, we welcome you to the Autumn School and Work-
shop on Combinatorial Optimization (SCO2PT 2021).

SCO2PT 2021 is an event on combinatorial optimization covering theoretical,
computational and practical aspects of the subject. With eight invited state-of-
the-art lectures (in the school) and nine invited contributed talks (in the work-
shop) on applications of combinatorial optimization in real world optimization
problems; The audience of SCO2PT 2021 aims to be widespread range of PhD
students, researchers, as well as industry professionals.

Around 300 participants from all over Iran and abroad universities, will learn
about recent developments and results and discuss challenges from theory and
practice. This number indicates clearly the importance of Combinatorial Opti-
mization as a scientific discipline and a key technology for future developments
in numerous applied areas.
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Department of Mathematical Sciences at IUT

The Department of Mathematical Sciences was founded in 1976 as a part of the
Faculty of Fundamental Sciences. It became an independent department in 1982,
offering Bachelor degrees in Mathematical Sciences, and later running Master
programs in Pure and Applied Mathematics in 1986 and 2000, respectively. The
department has offered Master programs in Pure and Socio-economic Statistics
since 1996 and 1998, respectively. The department is currently offering PhD
degrees in various disciplines of Mathematical and Computer Sciences.

As of November 2020, the department has 36 faculty members including 4 full
professors, 17 associate professors and 15 assistant professors. It also has 369
undergraduate students, 158 master students and 73 PhD students in different
disciplines of Mathematics and Statistics. Up until the present time the depart-
ment has conferred 2404 bachelor degrees, 1200 master degrees, and 118 PhD
degrees in various mathematical disciplines.

Based on the database of American Mathematical Society (MathSciNet), July
2020, department has the most total recorded publications among all mathemat-
ics departments in Iran. Current mathematical research is represented in the
department by the active research programs and interests of the faculty. The
department has investigations in:

Algebra (Group Theory, Commutative and Noncommutative), Coding, Cryp-
tography and Information Theory, Combinatorics and Graph Theory, Differ-
ential Equations (Ordinary and Partial), Dynamical Systems (Continuous and
Discrete), Geometry (Algebraic, Computational, Differential and Finite), Analy-
sis (Mathematical, Functional, Geometric, Harmonic, Stochastic), Mathematical
Logic and Model Theory, Mathematical Education, Number Theory, Numerical
Analysis, Operator Theory, Optimization, Probability, Statistics, Topology and
Theoretical Computer Science (Algorithms and Computations) and Data Science.



IASI Inst. Sys. Anlys. Com. Sci.

Institute of System Analysis and Computer Science

IASI (the Institute for Systems Analysis and Computer Science) is one of the 108
institutes of CNR, the Italian National Research Council (Consiglio Nazionale
delle Ricerche), which is the main Italian public research organization. It is
named after its founder Antonio Ruberti and currently counts more than 30 re-
searchers. IASI researchers develop methods and tools in different disciplines
(Discrete Mathematics, Mathematical Optimization, Statistics, Formal Logic,
Computer Science, Control Theory, Systems Science) and concretely apply new
and existing tools to solve relevant problems in Biomedicine, Transportation,
Enterprise Management, and Knowledge and Valorization of Cultural Heritage.

The OPTIMA research group investigates all phases of the solution process
of mathematical problems, including analysis, modelling, structural properties,
algorithmic approaches, computer code implementation and testing. Combina-
torial and Polyhedral Optimization, Discrete Mathematics, Mixed-Integer Pro-
gramming, Graph Theory, Approximation and Online Algorithms, Logic Pro-
gramming, Machine Learning, Stochastic and Robust Optimization, Continuous
Optimization, Global Optimization are the main methodological topics of re-
search. OPTIMA researchers deal with a broad range of applications of opti-
mization and discrete mathematics: Data Analysis, Network Analysis, Statistical
Physics, Scheduling, Factory of the Future - Industry 4.0, Transportation and
Logistics, Telecommunications and Network Traffic, Energy and Smart-Grids, Fi-
nance, Medicine and Social care. The group is currently active in many projects
funded by the European Community, the Italian Government, other authorities,
and private companies.
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Program

Day 1:

Tuesday
November 30

Tehran Time Speaker Title of the talk

10:15-10:30 Opening
Remarks

10:30-11:45 Maryam Salami Introduction to Combinatorial
Optimization: Problems and Methods

11:45-12:00 Break

12:00-13:00 Giuseppe Stecca Green Supply Chain Management

13:00-14:00 Lunch

14:00-15:00 Diego Maria
Pinto

OR and ML applications for Green Supply
Chain Management

15:00-15:30 Giuseppe Stecca Negotiation based approach for collecting
and recycling operations in circular economy

15:30-16:00 Break

16:00-17:00 Mohammadmahdi
Naghsh

Max-min optimizations in active sensing
and communication systems
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Program

Day 2:

Wednesday
December 1

Tehran Time Speaker Title of the talk

10:30-11:45 Claudio Gentile Power Energy Production and Optimization
(I)

11:45-12:00 Break

12:00-13:00 Claudio Gentile Power Energy Production and Optimization
(II)

13:00-14:00 Lunch

14:00-15:30 Ahmad Abdi A polyhedral study of tractable set covering
problems

15:30-16:00 Break

16:00-17:00 Nezam
Mahdavi-Amiri

A combined trust region–line search
projected structured algorithm for solving
constrained nonlinear least squares
problems

17:00-17:30 Tiziano Bacci Dynamic programming based formulations
for power energy production

17:30-18:00 Esteban Salgado New heuristics for ground state
optimization of spin glasses
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Program

Day 3:

Thursday
December 2

Tehran Time Speaker Title of the talk

10:30-11:45 Paolo Ventura Exact and heuristic approaches to the
logistics of containers (I)

11:45-12:00 Break

12:00-13:00 Paolo Ventura Exact and heuristic approaches to the
logistics of containers (II)

13:00-14:00 Lunch

14:00-14:30 Ahamdreza
Marandi

Multi-stage adjustable robust
location-transportation problems with
integer-valued demand

14:30-15:00 Tiziano Bacci A new heuristic algorithm for the stochastic
block relocation problem

15:00-15:30 Hadi Mosadegh A heuristic algorithm for solving real-world
car sequencing problems in assembly lines

15:30-16:00 Break

16:00-17:30 Ahmad Abdi Two case studies: postman sets in graphs,
and dijoins in digraphs
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Abstracts of the Talks
(In Alphabetical Order)
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A polyhedral study of tractable set covering problems Wednesday
14:00-15:30

Ahmad Abdi

London School of Economics, United Kingdom

Two case studies: postman sets in graphs, and dijoins in
digraphs Thursday

16:00-17:30

Ahmad Abdi

London School of Economics, United Kingdom

An important fact at the intersection of Mathematical Optimization and Com-
plexity Theory is that Integer (Linear) Programming is NP-hard while Linear
Programming can be solved in polynomial time. Three of Karp’s 21 NP-complete
problems, VERTEX COVER, SET COVERING, and HITTING SET, can in fact
be cast as an integer programming problem of the form min{< w, x >: Ax ≥
1, x ≥ 0, x a 0 − 1vector}, where A is a 0, 1 matrix. These are known as set
covering integer programs. For a special class of matrices, called ideal matrices,
which root all the way back to Shannon’s switching game, the Theory of Poly-
hedra allows one to reduce the set covering integer program to solving its linear
relaxation, and therefore move into the complexity class P!

In the first lecture, we study ideal matrices from different perspectives, namely,
polyhedral theory, network theory, and clutter theory, and present many open
questions about them. In the second lecture, we focus on two special cases coming
from undirected and directed graphs. In particular, we relate the Generalized
Berge-Fulkerson Conjecture and Woodall’s Conjecture to questions about ideal
matrices.
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Dynamic programming based formulations for power
energy production Wednesday

17:00-17:30

Tiziano Bacci

IASI, Italy

In the context of the electrical power production, the Unit Commitment problem
consists into deciding whether each power generation unit has to produce energy
or not and in which amount for each time period over a short time horizon. The
objective is to satisfy a given energy demand at minimum cost while satisfying
several constraints: minimum and maximum power output, minimum up- and
down-time, start-up and shut-down limits, ramp-up and ramp-down limits. We
present the first formulation describing the convex hull of the Unit Commitment
problem with single unit and convex power generation costs having a polyno-
mial number of variables and constraints. It is based on the efficient Dynamic
Programming algorithm proposed in [Frangioni A. and Gentile C., Solving Non-
linear Single-Unit Commitment Problems with Ramping Constraints. Operations
Research 54(4):767-775] together with the Perspective Reformulation technique
proposed in [Frangioni A. and Gentile C., Perspective cuts for a class of convex
0–1 mixed integer programs. Math. Progr. 106(2):225-236.].
Since the new exact formulation is large and hard to solve, we propose other new
formulations representing different trade-offs between the size and the quality of
the bounds. Computational results show that navigating these trade-offs may
lead to improved performances.

Based on a joint work with Antonio Frangioni and Claudio Gentile.

A new heuristic algorithm for the stochastic block
relocation problem Thursday

14:30-15:00

Tiziano Bacci

IASI, Italy

We develop novel techniques which allow us to prove a diverse range of The traffic
of containers has recorded a strong increase during the last few decades. For this
reason the need to optimize the movements of containers and the vehicles inside
the ports has actually been increased as well. One of the best known problems in
the literature dealt with the logistics of containers is the Block Relocation Prob-
lem. It consists in emptying a storage area containing a group of containers piled
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into stacks with the minimum number of moves. In this problem, the retrieval
order is known in advance. However, this hypothesis is usually unrealistic. In
this sense, the stochastic container relocation problem defines a variant of the
problem in which the retrieval order of the containers is not known at the be-
ginning of the time horizon. Here we present a new heuristic approach for the
stochastic case capable of providing solutions to large instances in a short time.
Experiments conducted on instances taken from the literature demonstrate the
effectiveness of the proposed method.
This talk is based on a joint work with Sara Mattia and Paolo Ventura.

Power Energy Production and Optimization (I) Wednesday
10:30-11:45

Claudio Gentile

IASI, Italy

Power Energy Production and Optimization (II) Wednesday
12:00-13:00

Claudio Gentile

IASI, Italy

In this lecture we revise two main approaches for the solution of the most studied
operational planning problem in Power Energy Production: the Unit Commit-
ment (UC) problem. UC is to schedule a number of power production units over
a short time horizon (from one day to a week) with the aim to decide, for each
unit, when and at what power level to produce satisfying system-wide constraints
and technical constraints depending on the unit technology with the purpose to
minimize the total production cost.

System-wide constraints include demand constraints, reserve constraints, and
network constraints. Technical constraints describe the working features of each
production unit. Thermal, hydro, solar, wind (and other) units are described
by completely different contraints. In this lecture we will extensively deal with
thermal units that have a complex combinatorial structure.

The first solution approach for UC is based on Lagrangian Relaxation and
on Dynamic Programming (DP). Lagrangian Relaxation applied to system-wide
constraints enables us to decompose UC into single-unit Unit Commitment (1UC)
subproblems that can be solved by combinatorial approaches. For thermal units,
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(1UC) is usually solved by Dynamic Programming. We will revise the main
variants of DP algorithms.

The second solution approach for UC is based on Mixed-Integer Non Lin-
ear Programming (MINLP) formulations. Indeed, production costs on thermal
units is usually expressed as a convex quadratic function. The resulting type of
MINLPs may be reformulated by Second Order Conic Quadratic Programming,
Semi-infinite Mixed-Integer Linear Programming, and Mixed-Integer Quadratic
Programming. Other sources of nonlinearities can also appear with other types
of production units.

A combined trust region–line search projected structured
algorithm for solving constrained nonlinear least squares

problems Wednesday
16:00-17:00

Nezam Mahdavi Amiri

Sharif University of Technology, Iran

Based on an adaptive projected structured exact penalty scheme due to Mahdavi-
Amiri and Bartels, we present a combined trust region–line search projected
structured algorithm for solving constrained nonlinear least squares problems; we
make use of an adaptive penalty updating scheme, a combined trust region–line
search strategy, and a special structured consideration for the approximate pro-
jected least squares Hessians. Several variants of the algorithm enjoy both the
global and a local superlinear rate of convergence. A structured algorithms is
implemented and the resulting program is tested on well-known small and large
residual least squares test problems available in the literature along with a number
of random test problems having various numerical properties due to Bartels and
Mahdavi-Amiri. Numerical results confirm the robustness and efficiency of the
algorithm. Outperformance of the algorithm is evidenced by the Dolan-More per-
formance profiles of our numerical results in comparison with the ones obtained
by a number of well-known general nonlinear programming methods.
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Multi-stage adjustable robust location-transportation
problems with integer-valued demand Thursday

14:00-14:30

Ahmadreza Marandi

Eindhoven University of Technology, Netherlands

A Location-Transportation (LT) problem concerns designing a company’s distri-
bution network consisting of one central warehouse with ample stock and multiple
local warehouses for a long but finite time horizon. The network is designed to sat-
isfy the demands of geographically dispersed customers for multiple items within
given delivery time targets. The company needs to first decide on the locations
of local warehouses before the start of the time horizon. During the time horizon,
the stocks at the local warehouses are repeatedly replenished and the company
has to decide on how far the inventory levels are increased at those moments.
Our problem is such that we can use time-independent basestock levels at all
warehouses at those moments. Between any two replenishments, integer-valued
demands are realized multiple times and the company needs to satisfy them by
shipments from central or local warehouses to customers.

In this talk, we follow an Adjustable Robust Optimization approach for the
design of the distribution network. We prove two main characteristics of our LT
problems, namely convexity and nondecreasingness of the optimal shipment cost
function. Using these characteristics, we show for two commonly used uncertainty
sets (hyper-box and budget uncertainty sets) that the optimal decisions on the
location and the basestock levels of local warehouses can be made by solving
a polynomial number of deterministic problems. For a general uncertainty set,
we propose a new method, called Simplex-type method, to find a locally robust
solution. The numerical experiments show the superiority of our method over
using the integer-valued affine decision rules, which is the only available method
for this class of problems in the literature.



SCO2PT Abstract

A heuristic algorithm for solving real-world car
sequencing problems in assembly lines Thursday

15:00-15:30

Hadi Mosadegh

Amirkabir University of Technology (Tehran Polytechnic), Iran

With the emerge of novel production technologies and variant methods of car
manufacturing and assembling, a variety of problems have been defined and stud-
ied in the area of mixed-model assembly systems. In this study, the problem of
sequencing car bodies entering into the line aiming to balance workload of oper-
ators is studied. A mathematical programming model is proposed to minimize
the amount of operators’ work overload and idleness within the workstations.
However, due to the complexity of the problem and since solving the model is
very time consuming especially in cases with large number of workstations, a
simulation-based heuristic algorithm is developed to deal with large scale prob-
lems. The problem is solved with different line configurations in terms of con-
veyor’s speed scenarios. Numerical results show that with a proper sequence of car
bodies entering into the assembly line, the company can benefit from significant
improvements such as: reducing operators’ idleness, reducing and balancing op-
erators’ work overload, increasing the production rate, and enhancing the overall
performance of the assembly system.

Max-min optimizations in active sensing and
communication systems Tuesday

16:00-17:00

Mohammadmahdi Naghsh

IUT, Iran

Several applications demand for guaranteed worst-case performance of sys-
tems. In such circumstances, design in average sense does not make sense and
the designer should resort to a robust design methodology. In this presenta-
tion, we exemplify robust design approaches in active sensing/communication
systems. More precisely, exploiting maxmin design methodology, we improve
worst-case performance of radar systems in the presence of targets with unknown
Doppler shifts as well as coexistence of strong and weak targets in the scene. As
to communication systems, the worst-case rate of the users in MIMO interference
systems is taken into account as the design metric to be optimized. The discussed
optimization techniques in the talk include SDR, CD, and MM.
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.

OR and ML applications for Green Supply Chain
Management Tuesday

14:00-15:00

Diego Maria Pinto

IASI, Italy

Circular economy is fundamental to reach green supply chain targets. It considers
products, but also infrastructure, equipment and services offered by waste facili-
ties where materials are collected and then sorted to be converted into secondary
raw materials. Because circular economy imposes a new view of operations with
the aim of zero waste, in order to obtain this result it is critical to optimize every
step of production and logistics processes. In this talk we review how these targets
can be addressed by the development and integration of operations research mod-
els to optimize both strategical and operational tasks of waste management. The
stochastic nature of waste streams should be considered when modeling these
scenarios in order to promote solutions that are robust to data uncertainties,
like those related to waste supplies. A framework of these models is fueled by
data that generate the chance of extracting additional valuable information: data
analysis techniques such as machine learning can indeed recognize data patterns
revealing profitable insights. Performing process cost analysis and estimation
provides important outcomes to support and verify management decisions such
service pricing, updating contracts of loss making customers or increasing service
level in profitable locations.
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Introduction to Combinatorial Optimization: Problems
and Methods Tuesday

10:30-11:45

Maryam Salami

IUT, Iran

Optimization means finding the maximum or minimum of a certain function,
called the objective function, defined on some domain. Classical theories of opti-
mization i.e., differential calculus, variational calculus and optimal control theory
deal with the cases when this domain is infinite. From this angle, the subject
of combinatorial optimization. Combinatorial optimization searches for an opti-
mum object in a finite collection of objects. Typically, the collection has a concise
representation (like a graph), while the number of objects is huge more precisely,
grows exponentially in the size of the representation (like all matchings or all
Hamiltonian circuits). So scanning all objects one by one, even for instances of
very moderate size, and selecting the best one is not an option. More efficient
methods should be found. In the framework of complexity theory, we want to find
the optimum in polynomial time. Almost every combinatorial optimization prob-
lem has since been either proved to be polynomial-time solvable or NP-complete.
In this lecture, we study some of those combinatorial optimization problems that
have been proved to be solvable in polynomial time, means, belong to P. Next
to polynomial-time solvability, we focus on the related polyherda and the fun-
damental combinatorial optimization algorithms by which these problems have
been solved successfully.

New heuristics for ground state optimization of spin
glasses Wednesday

17:30-18:00

Esteban Salgado

IASI, Italy

Max-cut is the problem of finding, in a graph, a partition of the node-set such that
the sum of the weights of the edges with endpoints in both sets of the partition
is maximal. This problem has a variety of applications in several domains (e.g.
statistical physics, VLSI design, quantum computing) and is widely known to be
NP-hard, therefore heuristics and metaheuristics have been conceived to provide
fast and ”good” solutions. In this context we present a general subgraph sampling
based heuristic with results that are comparable to approaches ad-hoc for some
particular classes of graphs.
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Green Supply Chain Management Tuesday
12:00-13:00

Giuseppe Stecca

IASI, Italy

Climate change is the most though challenge for humanity, requiring a paradigm
shift in the planning and operation of almost all the human activities. In these
settings Green Supply Chain Management consider the relations between supply-
chain management and the green targets. This talk will survey the main opera-
tions research models used to address green supply chain problems both at strate-
gic, tactical and operational level. Problems related to reverse logistics, product
recovery, closed loop supply chain and green supply chain management are ad-
dressed. The ”green” word, introduces problems related to complexities such as
the integration between strategical and tactical phase, but also the problem on
how to account the CO2 emission and how to consider it in a mixed integer linear
program.

Negotiation based approach for collecting and recycling
operations in circular economy Tuesday

15:00-15:30

Giuseppe Stecca

IASI, Italy

Circular economy and zero waste paradigms consider that production and logis-
tics processes must meet new levels of efficiency. In this work we address the
problem of optimal planning of the collection and the recycling operations for
a company operating recycling plants which process waste materials and sells
“secondary” raw materials. The recycling is performed in a multi-stage process
and the collection is performed via trucks. The output of the collection process
is the input of the recycling planning operations. Moreover some operations are
outsourced to third party operators. The problem is modeled as an optimization
problem and solved with an auction based mechanism.
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Exact and heuristic approaches to the logistics of
containers (I) Thursday

10:30-11:45

Paolo Ventura

IASI, Italy

Exact and heuristic approaches to the logistics of
containers (II) Thursday

12:00-13:00

Paolo Ventura

IASI, Italy

Over the past 20 years, the number of containers handled around the world has
more than doubled and approximately 170 million TEU were transported only
in 2020. In order to manage the associated logistic operations, the ports con-
tain special areas, called terminals, that act as storage and inter-modal exchange
buffers for the containers that travel by ships, trains or trucks. For limited ca-
pacity reasons, in such terminals the containers are generally stacked one on top
of the other and moved from one stack to the other by cranes (usually, gantry
cranes on wheels). Each crane is able to move around the terminal and place
/ pick up a single container from / on top of a stack. Each of these operations
has a non-negligible operating cost. When a certain container is retrieved from
the terminal, all the containers that are placed above it must be moved to some
other stacks of the terminal. Such moves are also called reshuffles. An efficient
management of these relocation operations is essential for the overall operational
efficiency of the terminal. The problem of defining container relocation strate-
gies that minimize the total number of reshuffles is known in the literature as
the Container (or Block) Relocation Problem (CRP). Given the importance of
its practical applications, the CRP, in its different variants, has been the sub-
ject of numerous scientific publications, especially in the last decade. Dozens of
mathematical models and algorithms have been proposed. In fact, this growing
attention of the scientific community corresponds to an insistent request of the
logistics operators for tools and methods that can support their decisions. Here
we will give an overview of different variants of the problem as well as on the
solution approaches that have been proposed in the literature.



Author Index

Ahmad Abdi, 9
Ahmadreza Marandi, 13

Claudio Gentile , 11

Diego Maria Pinto, 15

Esteban Salgado, 16

Giuseppe Stecca, 17

Hadi Mosadegh, 14

Maryam Salami, 16
Mohammadmahdi Naghsh, 14

Nezam Mahdavi Amiri, 12

Paolo Ventura , 18

Tiziano Bacci, 10

19




	BrownWelcome Address
	BrownDepartment of Mathematical Sciences at IUT
	BrownInstitute of System Analysis and Computer Science
	BrownProgram
	BrownProgram
	BrownProgram
	A polyhedral study of tractable set covering problems  (Ahmad Abdi)
	Two case studies: postman sets in graphs, and dijoins in digraphs (Ahmad Abdi)
	Dynamic programming based formulations for power energy production (Tiziano Bacci )
	A new heuristic algorithm for the stochastic block relocation problem (Tiziano Bacci )
	Power Energy Production and Optimization (I) (Claudio Gentile )
	Power Energy Production and Optimization (II) (Claudio Gentile )
	A combined trust region–line search projected structured algorithm for solving constrained nonlinear least squares problems (Nezam Mahdavi Amiri)
	Multi-stage adjustable robust location-transportation problems with integer-valued demand (Ahmadreza Marandi)
	A heuristic algorithm for solving real-world car sequencing problems in assembly lines (Hadi Mosadegh)
	Max-min optimizations in active sensing and communication systems (Mohammadmahdi Naghsh)
	OR and ML applications for Green Supply Chain Management (Diego Maria Pinto)
	Introduction to Combinatorial Optimization: Problems and Methods (Maryam Salami)
	New heuristics for ground state optimization of spin glasses (Esteban Salgado)
	Green Supply Chain Management (Giuseppe Stecca)
	Negotiation based approach for collecting and recycling operations in circular economy (Giuseppe Stecca)
	Exact and heuristic approaches to the logistics of containers (I) ( Paolo Ventura)
	Exact and heuristic approaches to the logistics of containers (II) ( Paolo Ventura)
	Author Index

