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1 Objectives

Applying optimization it is motivating not only for the research
itself, but also because it is beneficial financially, economically
and environmentally. The reason for choosing it as the area of
my research is that while one can achieve great results on a the-
oretical level, applying the right algorithms and methods can
be of practical use, too and there is a need for that. During
my years I had the oppurtunity to participate in a handful of
projects. Collaborating with companies of the industry, such
as Foxconn or SAGEM, allowed me to experience quite some
real-life decision support problems. These tasks by their com-
plex nature all needed some kind of computer asssisted decision
making, even the ones given by smaller companies. Browsing
the specialized literature looking for answers always ended up
finding solutions that needed further development to some ex-
tent, or a different approach with a new model. I believe my
results can extend the set of these already existing solutions.
My thesis presents the problems I encountered along with their
resolution and the results.

2 Methods

The results presented in the dissertation were based on the fol-
lowing:

e Problems that arise by their very nature require knowledge
of the scheduling task specialized literature, such as mixed
integer linear optimization, state space traversal solutions
or S-graph methodology.

e The results were based on the process network synthesis
methodology.



e Knowledge of Branch & Bound algorithms and their paral-
lelization capabilities is essential for developing a resolving
algorithm.

3 New scientific results

Proposition-like summary of the new scientific results of the
dissertation:

1. T have developed a general model for the multiperi-
odic description of process network synthesis and
the implementation of the inter-periodic reposito-
ries. [3, 6, 8, 9, 12, 13, 14]

(a)

I found that the multi-periodic models can be di-
vided into variable and non-variable parts, which can
be distinguished at the model level. On the basis of
this, a multi-periodic model can be generated algo-
rithmically by specifying the parameters of the vari-
able parts.

Since most manufacturing processes have some stor-
age capability, I extended the description of the multi-
period model by introducing inter-period storage. I
also developed a general model for implementing the
storages.

I have given an algorithm on how to generate a multi-
periodic model from a single-period model that con-
tains storages.

Through special task types, I presented the possibili-
ties of parameterizing the general multi-period model,
such as production scheduling or energy distribution,
where the method was applied in real case studies in
the framework of industrial cooperation.



2. I have created a model for the production line bal-
ancing problem based on the general scheduling
previously implemented with PNS. [1]

(a)
(b)

()

I provided a method to write "line balancing" as a
scheduling problem.

I derived how to formulate the task of scheduling the
production line balancing problem as a time-limited
network synthesis problem, and then, after simplify-
ing it as a quantity-limited network synthesis prob-
lem.

I tested the efficiency and effectiveness of the model
and the software built into the decision support sys-
tem based on real market data.

3. I have created and optimized a parallel version of
one of the solving algorithms of the P-graph. [2, 4,

5,7,

(a)

10, 11]

I worked out the parallelization of the P-graph algo-
rithm RCABBs, which guarantees the N-best solu-
tions.

I created a test base for testing PNS solvers, which
is freely available.

With the test base, I determined which parameter
settings are best for the created parallel algorithm.

I created task classes and determined the best pa-
rameter settings for each class separately. By means
of these classifications, I made the parameter setting
of the algorithm adaptive.

I experimentally verified the efficiency of the solver
by comparing other solver solutions available for free.



4 Utilization of new scientific results

With the methods presented in the dissertation, I studied and
optimized the multi-periodic systems and the production line
balancing, which have been intensively researched recently. In
the specialized literature there used to be less talk of multi-
periodic scheduling before, and existing solutions at best could
only reproduce the optimum and offered no alternatives. The
models and algorithms created as a result of the research greatly
expand the field of application of the P-graph methodology and
are able to return with not only the best but also the N-best
solutions.

In addition to theoretical results, the models and algorithms
created have practical utility; tehy formed the basis of real-
life software in collaboration with several industrial partners.
An example is the production line balancing, where up to 25%
efficiency improvement could be achieved, or storage and dis-
tribution of renewable energy in a microgrid system. It is not
enough to build models, but it is important that the resolv-
ing algorithm should also be efficient. With parallelization and
parameter optimization I successfully accelerated the existing
algorithm, which is, at the same time, a solver found inside the
P-graph Studio.

5 Publications on the topic of the dis-
sertation

The following publications are available from the topics of the
dissertation:
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