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ABSTRACT

Industry trends in the coming years imply the availability of cluster computing with hundreds to thou-
sands of cores per chip, as well as the use of accelerators. Programming presents a challenge due to 
this heterogeneous architecture; thus, using novel programming models that facilitate this process is 
necessary. In this chapter, the case of simulation and visualization of crowds is presented. The authors 
analyze and compare the use of two programming models: OmpSs and CUDA. OmpSs allows to take 
advantage of all the resources available per node by combining the CPU and GPU while automatically 
taking care of memory management, scheduling, communications and synchronization. Experimental 
results obtained from Fermi, Kepler and Maxwell GPU architectures are presented, and the different 
modes used for visualizing the results are described, as well.

INTRODUCTION

Nowadays there are 502 cities with over one million inhabitants, 74 with more than 5 million and 29 
megacities with populations above 10 million; in total, there are around 3.9 billion human beings liv-
ing in urban areas. As a result, it is important to develop computer models that describe the behavior 
of populations. Crowd simulations allow safe application of the scientific method and may aid in the 
analysis of certain subsets of the crowd phenomena, such as disease propagation, building evacuation 
during emergencies, traffic modeling or social evolution. Prediction before, during and after daily crowd 
events may reduce risks and associated logistic costs. Crowd simulation is usually expressed at macro-
scopic and microscopic levels (Pelechano, 2008). Macroscopic modeling describes global interactions 
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with the environment and the crowd itself. On the other hand, microscopic level exposes the interactions 
between individuals within a group; each agent should be processed individually to simulate a crowd. 
We are interested in modeling crowds at the microscopic level using Agent-Based Models (ABM). An 
ABM simulates the actions and interactions of autonomous agents; it promotes the progressive assembly 
of agents into groups resulting in global-scale behaviors (Bonabeau, 2002). In particular, this research 
focuses on real-time large-scale crowd simulation and in-situ visualization for heterogeneous architec-
tures, considering the requirements that exascale computing will demand.

Real-time performance is crucial for applications such as risk mitigation or disaster control and of-
fers the next advantages:

•	 Results are available immediately, minimizing time-to-solution.
•	 Simulation can be restarted almost instantaneously when unexpected outcomes are obtained, sav-

ing time and resources.
•	 Enables simulation steering allowing users to interact with the simulation through parameters.

In-situ visualization consists of visualizing results on the same cluster where simulation is running 
(Ahrens, J, 2010). This conveys two advantages for this research: relevant results are stored before simu-
lation finishes, and data movement from processors through different memory hierarchies and storage 
is reduced or avoided.

Crowd simulation and visualization at megacity scale requires significant computational power and 
memory resources commonly available on High-Performance Computing platforms (HPC). According to 
Top5001 Supercomputer Sites list, the use of heterogeneous architectures combining multi-core proces-
sors and accelerators is becoming a common practice. Examples to accelerators include Intel Xeon Phi 
and the NVIDIA Tesla GPU. In our purposes, the GPU has two advantages: accelerates computation, 
and efficient rendering for in-situ visualization.

Current HPC clusters have hundreds of thousands and even millions of processors. The community is 
in a transitioning stage between the petascale and the exascale era. Industry trends indicate that exascale 
clusters will have thousands of millions of cores (Moreland, 2013). The technical challenges for crowd 
simulation and visualization are intertwined with challenges from other areas including communication, 
programming models, and hardware architecture.

The rest of the chapter is organized as follows. The following section introduces the programming 
models, behavior models and current platforms commonly used in crowd simulation. The algorithm, 
implementation and results obtained from our case study are discussed in the Crowd Simulation section. 
After that, different crowd visualizations are described in the Visualization section. Finally, the chapter 
concludes.

BACKGROUND

Programming Models

A long time ago (2005), while still in Mexico, Our group (led by Dr. Rudomin) started to explore moving 
our crowd simulation from the CPU to the GPU. This because even then, simulation performance was 
significantly increased in comparison with desktop CPUs, allowing for simulation of larger crowds with 
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