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The project has several objectives. A list of them is presented in the following.
Project objectives

I. Development of new mathematical models for sustainable development

2. Realization of decision support tools based on these models.

3. Research on sustainable development models

4. Models of decision-making for sustainable development based on portfolio theory and the
theory of loss functions.

5. Research on the efficient frontier of portfolio selection theory models

6. Research on absolutely optimal portfolios

7. Analysis efficient frontier of portfolio selection models

8. Single period portfolio selection models with complementarity constraints

9. Multi-period portfolio selection models with complementarity constraints

One of the main goals of the project was to develop new mathematical models and achieve
sustainable development decision support tools based on these models. The models in this
area are characterized by multiple objectives and restrictions. Several surveys on applications
of portfolio theory in sustainable development with emphasis on issues of sustainable
agriculture and Operational Research mathematical models were made in the papers [AR],
[F1] and [C1].

The research report [G 1] contains such a survey.

In the book [El] were studied several multi-criteria decision models and applications to
sustainable development.

In [AB] was made a survey on the models of sustainable development in industry and
agriculture. The models fall in the category of the planning models with environmental
constraints. The ideas underlying these models are inspired from the theory of financial
investments. The role of financial assets is played here by wvarious industrial products
manufactured or the crops. The models are in continuous variable and in discrete variable.

In the paper [Al] was presented a general criterion for determining the existence and
uniqueness of solutions of nonlinear equations. Solving nonlinear equations appear in
optimization problems (in particular of portfolio theory models).

In [A8] they were formulated several models based on portfolio theory for planning crops in
the presence of some environmental constraints.

The models aim to solve the tradeoff between economic objectives and those related to
reducing the application of fertilizers and pesticides. Several numerical examples have been
studied. In the paper [A9] were presented several crop planning models in continuous
variable. The models are based on portfolio theory and nsk is measured using two
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symmetrical measures: mean absolute deviation and variance of the return. The decision
variables of the model are represented by land areas allocated to crops. Among the models
considered we remind the financial risk minimization and the maximization of the expected
return models. Unlike the previously crop planning models considered, which were discrete
models, models in [A9] are mathematical programming models in continuous variable.
Several numerical examples for symmetric measures of risk were analyzed. Comparisons
were made between efficient frontiers.

In the paper [C4] was presented a multi-objective model for crop planning that takes into
account environmental issues. The models fall into the category of crop diversification
models and provide optimal allocation of land plots to agricultural crops. Since the models
avoid monoculture its application contributes to the reduction of the amount of fertilizers and
pesticides applied to crops. The planning model 15 a binary mathematical programming
model. The efficient frontier of the model is analyzed.

In the paper [C1] were developed two single period portfolio selection models for production
planning in fish farms. The programming models are stochastic models and represent an
alternative to mean-variance type models. One of these models is a "safety first” type and the
other is a "chance constraints” type. Some of the variables are real numbers and others are
binary variables, 1.e. take only the values zero and one. Models constraints are related to
budgets fish farms and the quantities of fish of each species to be collected.

In the paper [D1] were presented several optimization models for renewable energy based on
the portfolio theory. The models refer to the determination of the optimal location and the
sizes of units for producing renewable energy (wind farms or solar parks). The constraints of
the models are connected to the investment budgets, the average amount of energy captured,
the degree of stability of energy obtained. Are considered the costs of connecting to the
transmission network energy, land prices on which the units for producing renewable energy
are located, historical data on the quantities of renewable energy at various locations. The
optimization models are mathematical programming models in integer numbers. A numerical
result for the minimum variance model is studied.

The realization of decision support tools based on these models was treated in the paper [A2].
Here it was presented a software tool for risk minimization of investment in agriculture.
Several numerical results were analyzed. For details see research report [G2].

In the paper [C3] a crop planning model in the presence of charges related to environmental
protection is studied. The model aims to find an allocation of crops to lots in order to reduce
the impact of farming practices on the environment. The objective function of the model is
linked to environmental taxes paid by the farmer, so it has the significance of environmental
risk.

The purpose of the model is to minimize the objective function. Simulations are made on
efficient frontier model mentioned above in terms of historical data of different lengths.

In [A3] was proposed a general method that transforms a non-convex optimization problem
in an issue which has better properties. In certain cases the local convexity of the Lagrangean
function is ensured, consequently the class of optimization models to which dual methods can
be applied is extended. An application for a numerical optimization problem which
particularly belongs to the class of portfolio selection models is presented.

In [A4] portfolio selection models of mean-variance type in which there are missing data are
studied. A formalization of the process of building the vector of means and the NaN-
covariance matrix for these models is presented. Based on this idea, starting from a matrix
containing historical data on the rate of return from a series of binary matrices that describe
the location of missing data in the matrix containing historical data on the rate of return,the
efficient frontier of the risk minimization models is studied.



In several talks given at international conferences were defined and studied the properties of
functions and sets of the efficient frontier associated to portfolio selection problems. The
duality between the risk minimization problems and the expected refurn maximization
problems was studied. Absolutely optimal portfolios were defined and the necessary and
sufficient conditions that for a given portfolio there exists a stochastic vector such that this
portfolio to be absolutely optimal.

The results related to the goal of "Single period portfolio selection models with
complementary constraints” are onginal, were included in the research reports [(G3] and [ G4].
In the research report [(G3] we define a class of mathematical programming problems with
complementarity constraints. Such constraints increase the difficulty of the problems that
now fall into the category of combinatorial optimization problems. The set of feasible
solutions to the problems from the above class is the union of a family of convex sets but it is
not convex.

In this paper we present an algorithm for solving the problems with complementarity
constraints which involves resolving a series of mathematical programming problems with
the set of feasible solutions being convex. The algorithm requires a large computational
effort. Applications of the models considered are made to portfolio selection models that
include transaction costs and initial portfolio for the investor. In the case of linear transaction
costs we give an equivalent formulation between the models with complementarity
constraints and the mixed-binary type models. A numerical example is analyzed. In the
research report [G3] an analysis of portfolio selection models with transaction costs is
presented. For the case of linear transaction costs two equivalent linear models are presented.

The first model has non-smooth constraints. The second model has complementarity
constraints. The second type models are equivalent to mixed- binary type models.
Estimations of the optimum value of the objective functions for these models are obtained.
Several heuristic algorithms for solving models with complementarity constraints are
presented. A numerical analysis of the results and an analysis of the sensitivity of the models
were performed.

In the research report [G4] there is a formulation of multi-period portfolio selection models
with complementarity constraints in the presence of some simplified assumptions.

In the research report [(G5] several multi-period portfolio selection models are studied.
Transaction costs are assumed to be proportional to the volume of assets traded. Risk is
measured by the variance of retum. The obtained models have complementary constraints.
By introducing additional binary variables are obtained some mixed-binary type models
which are equivalent to the original models. Some numerical examples for the multi-period
portfolio selection models are analyzed.

In the paper [A10] were formulated several models inspired from portfolio theory for the
selection of vendors of software products. The models contain complementary constraints.
The performances of the software products offered for sale by the software companies are
evaluated by several experts. A risk minimization model is formulated that is a binary
programming model. A procedure for solving the minimum risk model mentioned above is
described. A numerical example for the marketing of'an ERP software product is studied.

In papers [Al3] and [B1] was presented an approach based on an integrated approach to
portfolio selection. The methodology proposed in [Al3] focuses on incorporating investor
preferences in Mean-Risk type models. The paper proposes a measure of downside risk type
that captures in very good conditions the risk averse behavior of the investor. The proposed
methodology has two stages. The first phase determines the set of investment opportunities
(efficient frontier). In the second stage is selected one portfolio (i.e. the portfolio that has the
highest average utility).



Dissemination of results obtained in the work of the grant was made through the presentation
of papers in prestigious conferences in the field. All results presented at conferences were
published or will be published in prestigious journals.

The appendix to this report contains a selective list of works developed under the grant that
had high visibility. The citations from literature are presented.

Positions held by the team members of the research grant in the international conferences:

Name of the team member: Fulga Cristinca

Mame of the international conference: Conference EURO XXV, Vilnius, Lithuania, 2012
Positions held in the conference: Stream organizer with 5 sessions

Name of the stream: Decision Making Modeling and Risk Assessment in the Financial Sector

MName of the team member: Radulescu Marius
Mame of the international conference: Conference EURO XXV, Vilnius, Lituania, 2012
Positions held in the conference: Chair al session: Portfolio Decision Analysis

Name of the team member: Radulescu Marius

Name of the international conference: 21st International Symposium on Mathematical
Programming (1SMP), Berlin, 2012

Positions held in the conference: Chair of the session: Portfolio Selection Problems

Name of the team member: Radulescu Marius
Name of the international conference: 8th EUROSIM Congress on Modelling and
Simulation, (EUROSIM2013), Cardiff, Wales, United Kingdom
Positions held in the conference:
- Co-chair of two sessions: september 10 and september 12, 2013
- Representative of ROMSIM (Romanian Society for Simulation ) at EUROSIM
(Federation of European Simulation Societies) Board Meeting september 11, 2013,
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ANNEX 1 Scientific Report 2016

Selection of papers published as results of the research project PN-11-1D-PCE-2011-3-0908
which were guoted in international journals.

The paper

Ridulescu M., Ridulescu C.Z., Zbaganu Gh., A portfolio theory approach to crop plaming under

environmental constraints, Annals of Operations Research, vol. 219, (2014), 243-264.
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729-736.

Wang G., Gunasckaran A., Modeling and analysis of sustainable supply chain dynamics, Ann.
Oper. Res., 2015
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