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Introduction

The Multi-Agent Spatial Simulation (MASS) library allows users to easily create distributed pro-
grams without worrying about distribution details in their client programs.

Figure 1: The MASS library’s programming paradigm of Agents executing over Places dis-
tributed through a network of computing nodes.

Client programs implement Places and Agents. Places can communicate with each other and
store information. Agents can communicate with each other and with Places, move to new
Places, and spawn new Agents or terminate themselves. A simple example use would be to
model Troops (Agents) fighting over Land (Places.)

My project was to update the C++ version of MASS to implement unique neighbors for Places
and provide performance testing for the MASS C++ library.

Problem

In order for Places to communicate with each other, MASS asks the user to provide a list of
neighboring Places. For example, the user might declare the cardinal directions as a particular
Place’s neighbors. Any arbitrary pattern the user chose could be used. Unfortunately, MASS
originally used the same neighbor’s pattern for all Places.

Figure 2: A sample neighbors setup using the cardinal directions.

Certain applications, such as geographic maps or neural simulations, require each Place to have
unique neighbors. In a geographic map, neighbors can represent roads connecting locations. In
a neural network, neighbors represent the dynamically formed connections between neurons.

The problem my project solved was introducing a method for easily adding unique neigh-
bors for each Place in a MASS simulation.

Solution Design

The following changes were made to add the new neighbors functionality:
• Maintain a set of neighbors in each Place

Sets are similar to vectors, but each value in a set is unique.
This prevents Places from being ”double counted” in calculations.

• Added methods to the Place class to
Add neighbors to a given Place
Remove neighbors from a given Place
Check if a Place is currently a neighbor to a given Place

• Modified the exchangeAll method to use each Place’s individual neighbors list instead of a
passed in neighbors list

• Maintain backwards compatibility by providing an exchangeAll method with the original
method signature by

First setting the neighbors for all Places in a simulation
Then automatically calling the new exchangeAll method.

Major Code Changes

Performance Testing of the MASS C++ Library

The new implementation of neighbors caused a slight performance hit of 1.7%, which was offset
by the new functionality introduced.

Figure 3: Performance data comparing MASS C++ with and without neighbors functionality.

Performance data was gathered using Jay Hennen’s test programs. His tests call all of MASS’s
main functions with varying computational loads, repeats, and Agent movement complexities.
Running each set of tests 10 times gives a statistically significant look at the performance of the
MASS C++. This data was used both to calculate the performance hit of the new Neighbor’s
feature and to provide baseline execution data for the MASS research group.

The following factors were varied for these tests:

• Simulation Size: 64, 256
• Number of Computing Nodes: 1, 2, 4, 8, 16
• Repeats: 1, 50 100, 150, 200, 250
• Agent Test Types: 1, 2, 3, 4, 5, 6, 7
• Place Test Types: 1, 2, 3, 4
The total number of tests run was 6,600.

To automate these tests, I used shell scripts to run the tests multiple times and scrape perfor-
mance times from the output of Jay Hennon’s test programs.

Figure 4: Shell script used to run a set of tests, using waits to prevent collision of MASS in-
stances.
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