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Scheduling on single and parallel machines with
constrained resources: batching or shared memory
environments

Alessandro Druetto

This is a summary of the author’s PhD thesis supervised by Andrea Grosso and
Enrico Bini, and defended on 18 September 2023 at the University of Turin. The
thesis is written in English and is available from the author upon request at
alessandro.druetto@unito.it.

This work deals with the study of hard scheduling problems in contexts with
constrained resources. In particular, the investigation has been focused on two lines:

® the study of a complicate family of parallel batch scheduling problems and the
development of efficient algorithms for several variants of the problem,;

® the development and application of ad-hoc assignment and scheduling algorithms
for specific problems that arise in automotive embedded systems.

Flow Models for Parallel Batching

The first part of the PhD was dedicated to the study of a difficult family of parallel
batch scheduling problems and to the development of efficient algorithms that are able
to deliver the new state-of-the-art bounds, very tight heuristics and even an exact
approach for the simpler version of the problem. The considered objective function
is the total completion time, also called total flow time. This calls to minimize ) Cj,
the sum of completion times for all jobs j, considering that a job is completed when
the containing batch completes, the processing time for each batch equals to the
maximum processing time among all contained jobs, and completion time for a batch
must consider all preceding batches in the sequence.

Firstly, the 1|p—batch,b,o;|)" C; scheduling problem is considered, where jobs
are scheduled in batches on a single machine in order to minimize the total comple-
tion time. A size o; is given for each job j, such that the total size of each batch
cannot exceed a fixed capacity b. A graph-based model is proposed for computing a
very effective lower bound based on linear programming; the model, with an exponen-
tial number of variables, is solved by Column Generation, and embedded into both a
heuristic Price-and-Branch algorithm and an exact Branch-and-Price algorithm. The
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same model is able to handle efficiently problem Pm|p—batch,b,o;|%" C; with multi-
ple parallel machines. Computational results show that the new lower bound strongly
dominates the bounds currently available in the literature, and the proposed heuristic
algorithm is able to achieve high quality solutions on large problems in a reasonable
computation time.

Extending the previously described work, the weighted variant of the problem is
addressed; that is, problem 1|p—batch,b,o;| > w;C;. Two different flavors of Column
Generation are tested, leading to two models with identical performances in terms of
bound tightness but in practice very different in terms of running time. A simple and
effective rounding strategy applied to the faster model allows to generate heuristic
solutions with values within a few percentage points from the optimum.

Extending in even another direction the previously described work, problem
1|p—batch, b;, 0,5, incomp|y " C; is addressed: the same problem, in the presence of
multi-size jobs and incompatibility families. First, the Column Generation finds the
optimal solution of the continuous relaxation, then two heuristics are proposed to move
from the continuous to the integer solution of the problem: one is based on the Price-
and-Branch heuristic, the other on a variable rounding procedure. Experiments with
several combinations of parameters are provided to show the impact of the number of
sizes and families on computation times and quality of solutions.

Process Scheduling in Embedded Systems

The second part of the PhD was dedicated to the development of ad-hoc assignment
and scheduling algorithms for specific problems that arise in automotive embedded
systems, in particular in the presence of shared variables constraints. The work done
in the thesis addresses the mapping of complex embedded applications onto NUMA
multicore architectures. In particular, the AUTomotive Open System ARchitecture
(AUTOSAR) model is studied, that is a standardized software architecture for the
definition of automotive components and for providing the foundation platform for
their execution.
The developed problem formulation offers a solution to the following problems:

1. allocating variables (called labels in the automotive context) over memories of
different characteristics;

2. mapping functionalities (called runnables) onto CPUs;

creating OS tasks from runnables;

4. assigning priorities to tasks.

@

This approach is capable to handle an application composed by 1K+ runnables,
all sharing 10K+ labels and finds a solution in at most 3 minutes on a standard
laptop, enabling interactive design space exploration. This application is taken from a
reference use case, that is the 2017 WATERS Challenge. To evaluate the quality of this
approach, a Simulated Annealing mapping optimizer was implemented as baseline.



