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ABSTRACT

This thesis addresses Department of Defense (DoD) Modeling and
Simulation (M&S) deficiencies in military and organizational societal modeling methods.
These deficiencies are even more important today due to Stability Operations being an
extremely prevalent mission for U.S. forces in this century. Research efforts in this thesis
focused on the implementation of three analytic social theory models into the agent-based
model (ABM) Pythagoras 2.0.0, in an effort to provide modeling methodologies for a
single simulation tool capable of exploring the complex world of urban cultural
geographies undergoing Stability Operations in an irregular warfare (IW) environment.
While the individual model mappings proved to be somewhat difficult, the consolidation
of all three model mappings into Pythagoras 2.0.0 proved to be infeasible with respect to
capturing accurate attitudinal shifts. Civilian populaces’ attitudinal shifts are functions of
issues believed important by the various subpopulations comprising the civilian
populaces, experienced influences, economic security, and influence exchange across
social networks. With the use of simulation, statistical analysis, and cultural and societal
modeling, this thesis identifies a major limitation causing significant attitude
representation errors within the Pythagoras modeling environment; there is currently no
direct link between experienced influences and attitudinal shifts. Funding has been
allotted by TRAC-Monterey and the Marine Corps Combat Development Center
(MCCDC) in Quantico, Virginia for Northrop Grumman to implement the recommended

modifications provided from this research.
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EXECUTIVE SUMMARY

This thesis addresses a major limitation in Department of Defense (DoD)
Modeling and Simulation (M&S) identified by the M&S Coordination Office
(M&S CO): Human Behavior Representation (HBR). The M&S Steering Committee
(M&SSC) produced the M&SSC Common and Cross-Cutting Business Plan in
November 2006 in order to focus DoD-wide M&S efforts toward essential M&S gaps.
One extremely important gap addressed is the deficiency in military and organizational
societal modeling methods. This is disconcerting, considering the majority effort—called
Stability Operations—of United States forces in this century, and most likely, for years to
come. The importance of Stability Operations in today’s world arena has been
acknowledged by DoD and, thus, such operations were pronounced equal in importance
to combat operations by Department of Defense Directive (DoDD) 3000.05 in
November 2005.

This research is sponsored by Training and Doctrine Analysis Center (TRAC)
Monterey, California. TRAC-Monterey constructed a Representing Urban Cultural
Geography (RUCG) project team with a primary objective of developing a modeling
framework capable of representing civilian populaces and their attitudinal postures, while
experiencing Stability Operations in an irregular warfare (IW) environment. The RUCG
project team developed an analytic social theory model suite comprising three analytic
models: an Attitude Effect Model, a Social Network Model, and an Economic
Insurrection Model. These models, and the algorithms therein, were derived from
background research in  the fields of sociology, economics, and
international relations.

The overarching objective for this research is the implementation of the RUCG
analytic social theory model suite into the agent-based model (ABM) Pythagoras 2.0.0.
Although Pythagoras is primarily a combat model, Version 2.0.0 is a recent upgrade
designed to offer improved capabilities to model intangibles, such as attitudinal
responses. The results of this research are intended to not only help close DoD HBR

M&S gaps, but also to offer modeling methodologies and a single platform capable of

XX1



exploring the complex world of urban cultural geographies undergoing Stability
Operations. This, in turn, will provide us with greater ability to investigate the integral
factors and interactions among Political, Military, Economic, Social, Infrastructure, and
Information (PMESII) actions utilized in Stability Operations today and in the future.
The research question and objective addressed for this research are, respectively:
o Can a representative modeling framework for the RUCG analytic social
theory model suite be implemented with Pythagoras 2.0.0?

o Provide detailed documentation of all successful and unsuccessful
modeling methodology mappings, as well as recommendations of
enhancements, with respect to Pythagoras 2.0.0.

We initiate our analysis by implementing each of the three RUCG analytic social
theory models individually into Pythagoras 2.0.0, and then expanding the framework to
encompass all three. Our model mappings are driven by the social theory model suite
algorithms and focus on measuring attitudinal shifts for various segments of a civilian
populace facing constant attempted influence from outside interests. Attitudinal shifts are
functions of issues believed important by various subpopulations comprising the civilian
populace, experienced influences, economic security, and influence exchange across a
social network. While the individual model mappings proved to be somewhat difficult,
the consolidation of all three model mappings into Pythagoras 2.0.0 proved to be

infeasible with respect to capturing accurate attitude representations.

Numerous limitations were discovered during our research; however, one major
limitation prevents the successful implementation of the RUCG analytic model suite into
Pythagoras 2.0.0. This limitation is the absence of a link between attributes and colors.
Attributes represent the various issues civilians believe important and colors represent the
attitudinal stances of the civilians, based on their levels of satisfaction with respect to
these issues. In the absence of this link, no matter how much effective influence is
injected onto the civilian populace during the simulation, there is no registered impact on
the attitudinal stances of those influenced. Therefore, we develop a methodology within
Pythagoras 2.0.0 and a separate spreadsheet model to create this essential link between

attributes and colors. This methodology is the only manner in which to create this link
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and, unfortunately, doing so induces three significant sources of attitude representation
error: priority lag color loss error, trigger train color loss error, and inaccurate social

network influence exchange errors.

Priority lag color loss is a phenomenon that enables effective influences,
introduced with respect to lower priority issues, to be partially or completely dominated
by higher priority issues. This results in effective influence going unregistered, and
subsequently disrupts accurate attitude representation. Trigger train color loss refers to
multiple undesirable transfers of agents through alternate behaviors that consume the
simulation’s computational time. Trigger trains also amplify the negative impact of
priority lag. The most significant attitude representation error resulting from our forced
methodology is the social network exchange error. Influence that is exchanged across the
social network is derived from relative issue differentials. Pythagoras 2.0.0 is unable to
maintain accurate differentials with its current functionalities and, thus, influence

exchange across the social network is extremely inaccurate.

We conduct a simulation experiment that utilizes a Nearly Orthogonal Latin
Hypercube (NOLH) design matrix. Our response variable of interest is attitude
representation and our factors of interest are influence magnitudes per various issues,
which are all quantitative measures. We vary the four factors across 20 levels and are
able to efficiently sample the potential design space with only 17 design points. To shed
light onto the benefits of the NOLH design, our resultant 17 design points provide us with
sufficient information to quantify the three attitude representation error sources,
compared to the 160,000 design points required for a gridded design, which would

produce similar results.

The results from this simulation experiment are applicable to our specific
experimental design and are as follows:

. Priority lag color loss and trigger train color loss induce an overall mean
percent error in attitude representation of approximately 24%.

o The mean percent attitude representation error due to inaccurate influence
exchanges across the social network accumulates to greater than 70%.
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To minimize and/or eliminate the errors stemming from the necessity to create an
indirect link between attributes and colors, which prevents effective HBR within
Pythagoras 2.0.0, we recommend the following modifications:

o Implement a capability for simulation agents to self-apply color changes in
order to prevent utilization of multiple alternate behaviors to achieve those
changes. This minimizes both priority lag color loss and trigger train
color loss, and also removes required workaround methodologies that

prevent the implementation of certain characteristics within the Economic
Insurrection Model.

o Incorporate list entry functionality for color measurement triggers that
utilizes true and false logic. This will eliminate trigger train color loss by
preventing the simulation from wasting valuable computational time
transferring agents through multiple alternate behaviors.

J Remove required bounded entries for monitoring attribute fluctuations
and/or add modified attribute measurement triggers that monitor
increments and decrements in attribute values. This will fix the corrupted
issue differentials populating the social network.

We conclude that the current functionalities offered by Pythagoras 2.0.0 are not
capable of effectively capturing the essence of the RUCG analytic social theory model
suite without modifications encompassing the recommendations provided. Funding has
been allotted by TRAC-Monterey and the Marine Corps Combat Development Center
(MCCDC) in Quantico, Virginia for Northrop Grumman to implement the recommended
modifications provided from this research. Once instituted, we believe the modified
Pythagoras modeling environment will be able to effectively explore the complex world
of HBR. More specifically, with respect to the TRAC-Monterey RUCG project team’s
objectives and current real-world operations, it will be able to investigate the effect of
PMESII actions on the attitudinal responses of a civilian populace undergoing Stability

Operations in an I[W environment.
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l. INTRODUCTION

. any sound revolutionary war operator (the French underground, the
Norwegian underground, or any other European anti-Nazi underground)
most of the time used small-war tactics—not to destroy the German Army,
of which they were thoroughly incapable, but to establish a competitive
system of control over the population.!

—Professor Bernard B. Fall

A OVERVIEW

Behind the leadership of Secretary of Defense Donald H. Rumsfeld, the
U.S. military entered a state of transformation towards network-centric warfare designed
to “ensure U.S. forces continue to operate from a position of overwhelming military
advantage in support of strategic objectives.”?  Although many enemies of the
United States cannot compete in the industrial arena, some may possess the same level of
expertise in the information age arena. Thus, as the United States has experienced
several times throughout its history, many of our adversaries choose to engage us
asymmetrically. Network-centric warfare is a concept that embodies taking advantage of
the information age of today to allow U.S. forces to leverage Command, Control,
Communications, Computers, Intelligence, Surveillance, and Reconnaissance (C4ISR)
capabilities in defeating future enemies, regardless of their choice of resistance. Another
advantage advertised by the implementation of network-centric warfare is a force
“defined less by size and more by mobility and swiftness, one that is easier to deploy and
sustain, one that relies more heavily on stealth, precision weaponry, and information

technologies.” Leveraging the information age to do more with less is beneficial in

1 Bernard B. Fall, Winter 1998, http://www.maxwell.af.mil/au/awc/awcgate/navy/art5-w98.htm, last
accessed on 7 June 2008.

2 United States Department of Defense, Transformation Planning Guidance, April 2003, p. 4.

3 President George W. Bush, Whitehouse Website, May 2001, http://www.whitehouse.gov/infocus/
achievement/chap2.html, last accessed on 13 December 2007.
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many aspects of modern warfare, but unfortunately, it can be detrimental with respect to
the majority effort of current U.S. military forces. This majority effort has been labeled

stability operations.

Network-centric warfare’s focus on improving efficiency and effectiveness of
military operations has proven problematic in the transition out of war operations in both
Iraq and Afghanistan. In both operational areas, a major factor that aided U.S. forces in
achieving their objectives quickly and effectively was their unmatched technological
networking on the battlefield. However, when the smoke cleared, there were inadequate
troop levels to penetrate the social network, which is essential for properly executing
stability operations. A recurring fact that many nations have learned throughout history
is “the decisive battle is for the people’s minds.”* The Department of Defense (DoD)
now acknowledges this crucial point and has dictated that stability operations

. shall be given priority comparable to combat operations and be
explicitly addressed and integrated across all DoD activities including

doctrine, organizations, training, education, exercises, materiel, leadership,
personnel, facilities, and planning.>

The current transformation of military doctrine is shifting from explicit focus on
technological networking to the addition of social networking. This is a necessary
transition, as insurgencies will most assuredly be extremely well networked in the social

realm of their respective countries.

Stability operations are complex in nature, definition, and execution. Many
people use the terms peace operations, nation-building, and stability operations
interchangeably. ~ Although there is a relationship amongst these operations, it is
imperative to understand the definition of stability operations for the context of this

research. The U.S. Army and Marine Corps define stability operations as:

4 Headquarters, Department of the Army, FM-3-24, Counterinsurgency, December 2006, p. 1-27.

5 United States Department of Defense, Department of Defense Directive (DoDD) 3000.05, “Military
Support for Stability, Security, Transition, and Reconstruction (SSTR) Operations,” 28 November 2005,
p. 2.
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An overarching term encompassing various military missions, tasks, and
activities conducted outside the United States in coordination with other
instruments of national power to maintain or reestablish a safe and secure
environment, provide essential governmental services, emergency
infrastructure reconstruction, and humanitarian relief.6

We can see from this definition that stability operations encompass a myriad of
diverse missions. This research considers peace operations, nation-building,
counterterrorism, and counterinsurgency (COIN) operations all subsets of stability
operations. However, it is also understood that none of the listed operations can be
successfully executed individually without consideration of the others.  More
importantly, it is essential to understand that these operations are not only dependent
upon one another, but also on outside influences such as foreign nations, insurgencies,
terrorism, and the civilian populace, to list but a few. Together, the actions and
interactions of these groups formulate a complex adaptive system, which have proven
difficult, if not impossible, to effectively and efficiently model. This research focuses on
the exploration for effective modeling methodologies that capture these complex

interactions.
B. BACKGROUND AND MOTIVATION

Civilian human behavior representation (HBR) is an essential element in
representing political, military, economic, social, infrastructure, and information
(PMESII) aspects of an operational environment undergoing stability operations, and
unfortunately, is the least understood. Current military organizational and societal
modeling methods are “lacking for complex, dynamic, self-organizing, and adaptive
systems in general, and modeling human behavior is particularly problematic.”” As well,
data collection, knowledge acquisition, and behavior representation methods for

organizational and societal models are inadequate at best.

6 Headquarters, Department of the Army, FM-3-24, Counterinsurgency, December 2006, p. 2-5.

7 United States Department of Defense, Modeling & Simulation Steering Committee (M&SSC),
DRAFT, “Modeling and Simulation Steering Committee Common and Cross-Cutting Business Plan,”
1 November 2006, p. 39.



The Under Secretary of Defense for Acquisition, Technology, and Logistics
(USD[AT&L]) designated the Modeling and Simulation Coordination Office (M&S CO)
as the focal point for the coordination of all matters related to DoD Modeling and
Simulation (M&S).8 One area of responsibility for M&S CO is to facilitate the
development and implementation of Community M&S Business Plans and the Common

and Cross-cutting M&S Business Plan.”

The Common and Cross-cutting M&S Business Plan is designed “as a guide to
implement and promulgate common and cross-cutting tools, data, services, and practices
that support the Secretary of Defense (SECDEF) priorities.”10 This plan also identifies
current M&S gaps that are believed to be negatively affecting the effective and efficient
use of M&S throughout DoD. Table 1 illustrates these M&S gaps, categorized within
three major sectors. This research is sponsored by U.S. Army Training and Doctrine
Command (TRADOC) Analysis Center (TRAC) Monterey, California, and supports the
Common and Cross-cutting M&S Business Plan by addressing some of the listed HBR
M&S gaps. The specific M&S HBR gaps being examined by TRAC Monterey, and

various other participating organizations, are listed in Table 2.

8 United States Department of Defense, Department of Defense Directive (DoDD) 5000.59, “DoD
Modeling and Simulation (M&S) Management,” 8§ August 2007, p. 2.

9 United States Department of Defense, “Fiscal Year (FY) 2007 Budget Estimates, Research,
Development, Test, and Evaluation (RDT&E),” Defense-Wide, Volume 3, February 2007,
www.dtic.mil/descriptivesum/Y2008/OSD/0603832D&8Z.pdf, last accessed on 15 December
2007, p. 3.

10 United States Department of Defense, Modeling & Simulation Steering Committee (M&SSC)
DRAFT,” Modeling and Simulation Steering Committee Common and Cross-Cutting Business Plan,”
1 November 2006, p. 1.
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| M&S Gaps

M&S Technology

| Practices

Representations

Simulation Interoperability

Component-based Models
and Simulations

Application of Computer
Game Technology

Resource Discovery and
Access

Data Mediation

Visualization Tools

M&S Infrastructure

Corporate-level M&S
Management and Governance

Activity-level Model and
Simulation Planning and

Employment

Model and Simulation
Development and Evolution

Requirements Definition and
Management

Conceptual Modeling
Verification, Validation, and
Accreditation

Reuse

Usability of Models and
Simulations

Standards and Processes

Security
Workforce Development

Communication and
Collaboration

Human Behavior

Environment

Logistics

Infrastructure

Systems, Systems of
Systems, and Families of
Systems

Weapons of Mass
Destruction

Forces and Organizations

Command and Control

Information Operations
Intelligence

Table 1.

M&S Gap Taxonomy (After).!!

11 United States Department of Defense, Modeling & Simulation Steering Committee (M&SSC),
DRAFT, “Modeling and Simulation Steering Committee Common and Cross-Cutting Business Plan,”

1 November 2006, p. 4.




Identifier Description

G-HBR-1 Requirements for synthetic human entities are lacking. These requirements must
span blue, red, and gray; must address cultural influences where appropriate; and
must be sensitive to the objectives of the exercise/event where they will

be employed.

G-HBR-3 Requirements for organizational and societal models are lacking. These
requirements must span blue, red, and gray; must address cultural influences,
nontraditional warfare, and PMESII aspects where appropriate; and must be
sensitive to the objectives of the exercise/event where they will be employed.

G-HBR-4 Data collection, knowledge acquisition, and behavior representation methods for
organizational and societal models are immature, inadequate, and in some
cases, nonexistent.

Table 2. Identified Human Behavior Representation M&S Gaps (From).!2

TRAC Monterey’s desired deliverables for their Representing Urban Cultural
Geography (RUCGQG) project are threefold. First is a documented methodology to
represent civilian populations and their behaviors in urban stability operations. Second is
a modeling framework for cultures and societies in the context of nontraditional warfare,
as well as the behaviors of the entities making up these populations. Third is an
implementation of this modeling framework into a stand-alone simulation tool. This
simulation tool must be able to model human behaviors influenced by cultural aspects in
stability operations. This research is intended to support TRAC Monterey’s RUCG
project objectives and deliverables by taking an analytic social theory model suite
developed by the RUCG project team to satisfy the first objective, and build within a
single modeling environment, a detailed modeling framework that effectively captures its
essence. This modeling framework will provide future capability to explore the complex
world of HBR, or more specifically with respect to the RUCG project team, of urban

cultural geography undergoing stability operations.

12 United States Department of Defense, Modeling & Simulation Steering Committee (M&SSC),
DRAFT, “Modeling and Simulation Steering Committee Common and Cross-Cutting Business Plan,”
1 November 2006, p. 40.
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C. RESEARCH QUESTIONS

The overarching objective for this thesis is to investigate effective modeling
methodologies capable of implementing an analytic social theory model suite into a
stand-alone simulation tool. This analytic social theory model suite was designed by the
RUCG project team to capture HBR with respect to a civilian population undergoing
stability operations within an irregular warfare (IW) environment. The various aspects
and complex nature of this environment are extremely difficult to model, and
subsequently, to analyze. The successful construction of a model within a single
simulation tool will provide a capability to explore complex adaptive systems such as

this one.

While this research is by no means exhaustive with respect to the overall RUCG
project objectives and deliverables, the following research was conducted and
questions addressed:

J Can a representative modeling framework for the RUCG analytic social

theory model suite be implemented with a stand-alone simulation tool?

o Provide detailed documentation of all successful and unsuccessful
modeling methodology mappings, as well as recommendations of
enhancements with respect to the simulation tool of choice.

Mappings refer to the simulation tool functionality required to link the desired
theory behind the model suite into the simulation tool itself. All knowledge gains are
being shared with TRAC Monterey’s Multi-Agent System (MAS) model development

being conducted in parallel.
D. BENEFITS OF THE STUDY

From a global perspective, this study supports DoD initiatives developed to
provide consolidated efforts and improvements to M&S throughout DoD. Ideally, it may
indirectly contribute to military doctrine concerning stability operations, such as those
currently being conducted in Afghanistan and Iraq, by providing a modeling framework

capable of capturing complex interactions of this nature. As previously stated, the battles



currently being fought by U.S. forces in these countries are for the minds of the
indigenous civilian populace. It is not enough for our military to be only technologically
networked, they must be socially networked as well. The current U.S. Counterinsurgency
(COIN) manual states “if military forces remain in their compounds, they lose touch with
the people, appear to be running scared, and cede the initiative to the insurgents.”!3 Any
knowledge acquisition that better prepares our troops for stability operations execution
will be extremely valuable not only to the troops themselves, but also to the United States
in general. The prolonged operations and high deployment rates that U.S. troops are
currently experiencing produce a negative impact on survivability, morale, retention
rates, and recruitment.!4 This research may open the door for insight acquisition
concerning the integral factors that affect a civilian populace during stability operations.
This, in turn, may influence doctrinal shifts providing positive impacts on mission

execution and timeliness.

From a local perspective, this study directly contributes to TRAC Monterey’s
objectives, focusing on knowledge acquisition and the development of social theory
algorithms applicable to a community-wide range of M&S systems. Innovative modeling
methodologies for HBR are explored and evaluated for inclusion into a modeling
framework within a simulation tool. This simulation tool is examined as a stand-alone
tool for representing the complex social interactions, networks, and events that influence
the behaviors and attitudes of a civilian populace. The documented methodology
necessary to build this framework enables future construction of models capable of
generating data for in-depth analyses of complex interactions related to HBR. At a

minimum, this research helps close the HBR M&S gaps listed in Table 2.
E. METHODOLOGY

This research was conducted in a parallel effort with another NPS student,

CDR Thorsten Seitz of the German Navy. Another perspective on these research efforts

13Headquarters, Department of the Army, FM-3-24, Counterinsurgency, December 2006, p. 1-27.

14 Congressional Research Service (CRS) Issue Brief for Congress, “Peacekeeping and Related
Stability Operations: Issues of U.S. Military Involvement,” updated 18 May 2006, www.fas.org/sgp/crs/
natsec/IB94040.pdf, p. 13, last accessed on 15 Dec 2007.
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can be obtained by reviewing CDR Seitz’s thesis.!> His research efforts focus more on
the social networking aspect of our modeling efforts; however, we provide these

summary conclusions and offer additional insights gleaned from them.

The first phase of this study involves understanding the characteristics of the
RUCG team’s analytic social theory model suite. This model suite is composed of three
analytic models: an attitudinal effect model, a social network model, and an economic
model of insurrection. The algorithms within these models were derived from
background research in the fields of sociology, economics, and international relations.
We then determine a methodology for mapping the characteristics of these models into a
stand-alone simulation tool.  The stand-alone tool chosen for this research is

Pythagoras 2.0.0. Reasoning for this choice is provided in Chapter II.

The mappings of the social theory model suite into the Pythagoras 2.0.0 modeling
environment are evaluated and documented, and limitations and recommendations for
improvements are provided. The culmination of this research provides a solid modeling
framework that can be utilized for future HBR model constructions. These models will
be capable of representing a civilian populace undergoing stability operations and
ultimately provide a platform for exploratory analysis of these complex situations. An
example scenario is utilized to implement and test various modeling methodologies. As
such, the model construction for this research remains abstract in order to allow us to
focus on the methodologies necessary to effectively implement the social theory model
suite, without having to explicitly model the physical layout of a particular geographic
region. The desired end state for our abstract model is one that, with the implementation
of recommended capability additions to Pythagoras 2.0.0, can be utilized to explore the
complex interactions of a civilian populace undergoing stability operations via high-
performance computing assets supporting a data-farming process. Data farming is

defined by the Marine Corps Warfighting Laboratory’s (MCWL) Project Albert as:

15 CDR Thorsten Seitz, German Navy, “Representing Urban Cultural Geographies in Stability
Operations, Analysis of a Social Network Representation in Pythagoras,” Master’s Thesis, Naval
Postgraduate School, Monterey, CA, June 2008.
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A method to address decision maker’s questions that applies high
performance computing to modeling in order to examine and understand
the landscape of potential simulated outcomes, enhance intuition, find
surprises and outliers, and identify potential options.!6

This process enables analysts to conduct thousands of computational experiments
on their models, while simultaneously manipulating several variables of interest in order

to generate and analyze large quantities of data.

16 Project Albert Website, http://www.projectalbert.org/, last accessed on 17 December 2007.
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1. RUCG ANALYTIC SOCIAL THEORY MODEL SUITE

Human behavior flows from three main sources: desire, emotion, and
knowledge.

—Plato

A INTRODUCTION

Chapter II begins with a discussion on the reasoning behind the Pythagoras 2.0.0
modeling environment chosen as our simulation tool. This justification is followed by
summary discussions of the three analytic models within the RUCG social theory model
suite that we attempted to implement into the Pythagoras 2.0.0 modeling environment.
Lastly, we provide brief discussions concerning assumptions utilized within each model,
and point out areas where we tried to relax these assumptions during our modeling

methodology exploratory research.

B. PYTHAGORAS 2.0.0 MODELING ENVIRONMENT

Pythagoras is an agent based model (ABM) developed by the MCWL Project
Albert team. Project Albert was an international research and development effort
focusing on developing an ABM suite capable of running on High Performance
Computing (HPC) clusters in order to reap the benefits offered by data farming.!” The
continuing work started by Project Albert is currently being managed by the Naval
Postgraduate School (NPS) Simulation, Experiments, and Efficient Designs (SEED)
Center in Monterey, California.!8 Pythagoras is a government-owned and open source
ABM written in the JAVA computer programming language, making it platform
independent.  The maintenance and upgrades for Pythagoras are contracted to

Northrop Grumman.

17 Information on Project Albert can be accessed at http://www.projectalbert.org/, last accessed on
27 February 2008.

18 Tnformation on the NPS SEED Center can be accessed at http://harvest.nps.edu/, last accessed on
27 February 2008.
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1. Why Pythagoras?

Many combat models in existence today focus primarily on the physical
characteristics of combat. Pythagoras is a time step ABM designed to provide modelers
with the ability to investigate the nonphysical characteristics of combat as well. The
previous version of Pythagoras, version 1.10.5, is currently being upgraded to version
2.0.0 in order to further develop these nonphysical modeling capabilities, or intangibles.
It is important to note that the version 2.0.0 upgrade is not limited to intangibles and
abstract modifications only; however, it is the primary focus of the upgrade. Our
research was conducted in conjunction with the development of the Pythagoras 2.0.0
upgrade, and played an integral part in debugging logic code and in implementation of
specific capabilities with respect to modeling human behavior with the Pythagoras
simulation tool. As expected, this concurrent work had a negative impact on our research
timeline. We ended up creating our model with Version 19 of Pythagoras 2.0.0, and were
continually submitting requests for modifications believed necessary to accomplish our
RUCG model suite implementations. On a positive note, the relationship between the
military and Northrop Grumman has been extremely solid. Any bugs reported were
quickly fixed and recommendations on code changes were always welcome and
sometimes implemented. This is a unique relationship between modelers and developers
that provides flexibility to the modeler and adds strength to the model being built and the
simulation tool used to do so. However, the strain placed on timelines can be detrimental

to the modeler’s research efforts.

The Pythagoras 2.0.0 user’s manual offers Figure 1 as an overview of what the
Pythagoras modeling environment is designed to capture with regard to a combat
environment.!® The primary focus of this research lies in the human factors portion of
Figure 1. The listed intangibles corresponding to the human factors portion are merely
generalizations concerning soldiers’ experiences in combat. These are easily leveraged to

represent the intangible experiences of a civilian populace within an IW environment as

19 Northrop Grumman Space & Mission Systems Corp., Pythagoras User Manual Version 2.0, Draft
2007, p. 1-1.
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well. The multitudes of intangibles that can be modeled in the human factors realm are
limited only by the modeler’s imagination. This modeling flexibility within the human
factors portion is an extremely attractive characteristic of Pythagoras 2.0.0. This
flexibility brings to the fight the ability to explore for possible complex interactions, or
with respect to our research, the ability to search for emergent behaviors within a civilian
populace resulting from actions targeting their beliefs and issues structures. Hence,
Pythagoras 2.0.0 was chosen by TRAC Monterey as the simulation tool to be used for our
research efforts. Once again, these efforts are focused on the development of a modeling
framework for the RUCG analytic social theory model suite with a stand-alone

simulation tool.

The Combat Environment

«Decision Making
eIntelligence
«Communicatio
eInspiration

Leadership

*Morale
*Weapons *Training
*Sensors «Confidence
*Platforms *Fatigue
sAmmunition *Fear
*Terrain «Comradeship
*Weather

The Three Regions Are Tightly Linked

Figure 1. Combat Environment [Best viewed in color] (From).20

C. RUCG PROJECT TEAM SOCIAL THEORY MODEL SUITE

One goal of this research was to evaluate the human behavior modeling
capabilities within Pythagoras 2.0.0 by attempting to map three analytic social theory
models into it. These three models are an attitudinal effect model, a social network

model, and an economic insurrection model. Each model is briefly summarized in this

20 Northrop Grumman Space & Mission Systems Corp., Pythagoras User Manual Version 2.0, 2007,
p. 1-1.
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section. The details of these mappings are discussed in Chapter III, along with
assumptions utilized, limitations observed, and recommendations for Pythagoras 2.0.0

modifications.

1. Attitudinal Effect Model

The working paper describing this model is provided in Appendix A.2!
a. Synopsis

An essential aspect of warfare is the battle for the support of the civilian
populace. This model quantifies attitudinal change within a civilian populace due to
actions taken by designated actors, how the population perceives these actions, the innate
attitudes of the subpopulations that the civilian populace is composed of, and the effect of

inter-subpopulation influences.

The civilian populace is comprised of subpopulations that are acted upon
by various actors. The individual subpopulations are considered homogeneous groups
and do not execute actions themselves. A crucial characteristic of this model is the idea
of perception driving attitude. Each subpopulation perceives the actions experienced as
either good or bad. Levels of goodness and badness are not currently implemented in this
model, meaning that differential magnitudes concerning active actions were not explored
in the analysis provided. As well, each action experienced does not necessarily induce
permanent attitudinal change. Action affects are considered either active or inactive.
Active actions, meaning they are influencing subpopulation attitude, last for certain
durations. Once active action durations elapse, the actions become inactive and the
resultant attitudinal changes are forgotten. The concept of active or inactive actions
attempts to capture the various impacts actions may have on different subpopulations’
attitudes. It should be stated that this model does not consider distributed memory loss.
The total effect of an active action is immediately forgotten and does not gradually decay

in accordance with any kind of distribution. Also, because each subpopulation is

21 Patricia A. Jacobs, Donald P. Gaver, Moshe Kress, and Roberto Szechtman, “A Model for the
Effect of Host Nation/Insurgency Operations on a Population,” Working Paper, Naval Postgraduate School,
Monterey, CA, 7 November 2007, pp. 1-16.
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considered homogeneous, it is also assumed that each recipient subpopulation responds

simultaneously to, and is equally affected by, actions experienced.

The specific model presented focuses on only one subpopulation and two
actors: a Host Nation (HN) and an Insurgency. This model assumes that the
subpopulation either supports HN or the Insurgency, with no option for maintaining a
neutral stance. The attitudinal position towards HN by the subpopulation at a given
period in time is dependent upon its respective innate attitude and the active influence
introduced into it through active actor actions and social interactions. However, with
only one subpopulation, the social interaction influence is not a factor. Again, the
subpopulations’ attitudinal stances are fought for by competing outside actors. Hence, it
is imperative we be able to investigate the subpopulation attitudinal shifts away from
their initial positions. Figure 2 is a simplified summary equation intended to portray the
recommended way to track attitudinal changes experienced by a subpopulation due to

influence from actors and from other subpopulations during time period (t, t+h].

Attitude towards HN Attitude towards HN
at time “t+h”due to _ attime “t” due to
active actions active actions
Mean attitude Mean attitude
change due to change due to
+ active HN actions — active HN actions
perceived as good perceived as bad
during (t, t+h] during (t, t+h]
Mean attitude Mean attitude
change due to change due to
— active Insurgency actions +  active Insurgency actions
perceived as good perceived as bad
during (t, t+h] during (t, t+h]
Mean attitude
+/— change due to
influence of others

Figure 2. Summary equation for subpopulation attitudinal change.
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The last term of the equation in Figure 2 refers to the influence of others.
This influence is representative of social influence on one subpopulation from another
subpopulation. This model does provide a function based on subpopulation sizes and
initial attitude differentials to capture outside influence. However, we utilize a separate
social influence model described in Section IIL.LE as an alternative for capturing this
influence. The mean numbers of active actor actions perceived as good or bad in
Figure 2 are dependent on the rates at which actors initiate actions, the probabilities these
actions are perceived as good or bad, and the mean times the respective actions remain
active. With this, the magnitudes of the respective actions are combined with the mean

numbers of active actions to determine mean attitudinal change.

Lastly, several numerical examples, with corresponding graphic outputs,
are included in this paper.2?  From these examples, the authors offer the
following insight:

These simple models suggest the changes in subpopulation attitude is a
nonlinear function of the rate at which actions occur; the rate at which
actions affect the subpopulation attitude; the mean time an action

continues to influence attitudes; and the basic attitude the subpopulation
has towards the actors.23

b. Comments

This model provides a simplified approach for monitoring attitudinal
change within a civilian population. There are a few broad assumptions and inherent
limitations utilized for mathematical tractability that we try to relax within our model in
an effort to make it a bit more robust. First, we introduce more than one subpopulation
and more than two actors. This allows us to explore the effects of social influence within
the civilian populace as well. Second, although the subpopulations are initially

homogeneous, they do not respond simultaneously, nor are they equally affected by, actor

22 Patricia A. Jacobs, Donald P. Gaver, Moshe Kress, and Roberto Szechtman, “A Model for the
Effect of Host Nation/Insurgency Operations on a Population,” Working Paper, Naval Postgraduate School,
Monterey, CA, 7 November 2007, pp. 10-14.

23 Ibid., p. 15.
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actions. We also explored distributed memory loss across the subpopulations, however,
it was not possible to implement this concept within Pythagoras 2.0.0. Hence, this
additional capability was considered, but not implemented, due to limitations within

Pythagoras 2.0.0. These attempted modifications are discussed further in Chapter I11.D.
2. Social Network Model
The set of notes describing this model is provided in Appendix B.24
a. Synopsis

This model is a general and basic social network model that captures
influence exchange within a social system. It assumes that inter-subpopulation and
intra-subpopulation influences occur on a daily basis. Attitudinal influence on entities
within a given network is a function of the issues believed to be important and the
relationship between those interacting within the network. For example, one entity may
believe that the right to practice religion is the most important issue to be considered by
his/her respective governing body, followed by funding for infrastructure improvements
and physical security, and lastly, economic security. Another entity may believe the only
important issue is economic security. Even though the valued hierarchical issue
structures of these entities are not aligned, the relationship between them may be strong
and respectful. Hence, their ability to influence one another is still possible. Contrary to
this scenario, if various entities’ hierarchical issues are completely aligned, but they hate
each other, influence exchange is not very likely. Consequently, the magnitude of
attitudinal change implemented upon an entity is dependent upon both the hierarchical
issue structures of those involved, and the types of relationships between them. Lastly,
the model mentions the idea of autocorrelation concerning influence. This concept
dictates that if an entity can influence another on one issue, it is likely that it can also

inject influence concerning other issues.

24 David Krackhardt, Notes on Influence Models for Dynamic Settings, The Tepper School of
Business, Carnegie Melon University, September 2007.
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b. Comments

Although this is a straightforward and basic social network model, it
contains an underlying assumption that all entities within the social network act rationally
and experience influence exchange in a logically diffusive manner. This may be a strong
assumption because our social system of interest is a civilian populace composed of
extremely segmented subpopulations existing in an IW environment. Hence, unlikely
relationships may be formed due to the myriad of unpredictable events that can occur
within an IW environment. As an example, even though two groups share nothing in
their basic hierarchical issue structures, and in fact despise each other, an outside event or
issue may interject into both hierarchical issue structures as a temporary top priority.
Because of this, a temporary relationship may be formed until the status quo is retained.
We were forced to make a decision on a question that is continually encountered when
attempting to model complex systems: Do the potential gains outweigh the cost in
complexity? We determined that although adding the concept of irrational behavior may
be more realistic, the potential gains are outweighed by the complexity costs with respect
to the necessary changes within Pythagoras 2.0.0. As well, the addition of this capability
for enhancement of the social network model may even complicate our quest of flushing
out emergent behaviors within our target population. Therefore, the recommendation for

additional capability to model irrational behavior was entertained, but not requested.
3. Economic Insurrection Model
The PowerPoint presentation describing this model is provided in Appendix C.25
a. Synopsis

This model builds a picture of a sovereign state trying to minimize the
probability of an insurrection, while simultaneously maximizing economic security for

the constituents. The constituents are those in the civilian populace working as

25 Robert. M. McNab, “A Model of Insurrections,” PowerPoint presentation given 5 October 2007 at
TRAC-Monterey, CA.
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production force laborers, soldiers, or participants in an insurgency. The lowest level of
detail concerning constituents is homogeneous family units. These family units respond
to the actions of the sovereign state by allocating their time to the production force,
soldiering, and/or insurgency economic sectors. The sovereign state obtains feedback
concerning their current polices on the constituents and adjusts accordingly to try and
minimize the growth of the insurrection and directly manipulate the constituent time
allocation to the various economic sectors. Each of the three economic sectors carries its
own wage rate, and the state production force and soldiering sectors also suffer taxes.
The expected net income for each family is dependent upon the sum of their expected
incomes from working in the various economic sectors. These expectations are driven by
their perceptions of the probability that the insurrection will be successful. In turn, this
perception directly influences the times they decide to allot to working in each economic
sector, along with the set wages and tax rates per sector. The probability of a successful
insurrection is dependent upon the average time actually allotted by the constituents to
soldiering and participation in the insurgency, as well as the technological capabilities of
the respective insurgents and soldiering forces. Seven possible scenarios are presented in
this presentation discussing initial distributions of average time allocations to the three

economic sectors, with example results listed in an accompanying spreadsheet.
b. Comments

The assumption that there is a sovereign state in control of the civilian
populace implies that the current governing state is a recognized and dominant force that
maintains control over the civilian populace. This is a strong assumption, with respect to
nations undergoing stability operations following a state change due to war. The current
governing state during stability operations may be neither recognized by all constituents
nor dominant. Thus, the governing state’s ability to influence its constituents’ desired
time allocation to the various economic sectors, as well as prevent outside and
undesirable influence, may be far from comparable to a sovereign state. In other words,
in an IW environment, the determining factors affecting the constituents’ time allocations

to the economic sectors is not completely under the control of the current governing state.
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Therefore, for our modeling purposes, we intend to inject influence on time allocation

due to other outside influences, such as foreign nations and terrorist organizations.

We previously discussed the idea of influence exchange through a social
network. The economic insurrection model does not consider economic security changes
resulting from social network interactions. Our model attempts to add this characteristic
to the overall system, both temporally and spatially. This is discussed further in
Chapter IILF.
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1. MODELING METHODOLOGY

Theory must result in insight and withstand testing.26

A INTRODUCTION

This chapter provides details of our RUCG modeling methodology. We first
provide an overview of our example scenario that serves as our foundation for discussion
and explanations. Next, we discuss some common characteristics that are inherent to all
three RUCG model implementations. The settings listed in this scenario are not actual
data collected from a designed data acquisition process. These settings only serve as
tools for aid in explanations. We use four specific terms continuously throughout
Chapter III: attitudes, colors, issues, and attributes. Attitudes are represented by colors
and issues are represented by attributes. We use the terms interchangeably, but endeavor
to use color and attributes when referring to Pythagoras mappings, and issues and
attitudes when referring to our example scenario. Lastly, we discuss the respective
mappings of the RUCG model suite into the Pythagoras modeling environment, list the
specific assumptions that accompany these mappings, provide limitations encountered,
and offer recommendations for improvement and/or capability. The resultant modeling
methodology is intended to provide insight into Pythagoras 2.0.0 HBR capabilities, offer
explanations for generic HBR model constructions from the ground up, and give future

modelers in this arena cardinal directions for their data collection efforts.

B. EXAMPLE ABSTRACT SCENARIO

1. Overview

This overview provides general explanations of our desired framework. The

detailed implementation descriptions of each aspect discussed here are provided later, in

26 John H. Miller and Scott E. Page, Complex Adaptive Systems, An Introduction to Computational
Models of Social Life, Princeton University Press, 2007, p. 63.
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the appropriate model mapping sections. Our example scenario consists of a civilian
populace comprising two subpopulations and three actors competing for their support.
Each subpopulation possesses a general initial attitude towards HN. We categorize four
possible population segments that members of each subpopulation are initially
distributed:  insurgent, production force initially leaning towards the insurgency
(PF_ILT 1), production force initially leaning towards HN (PF_ILT HN), and soldiering.
Thus, even though the majority of a particular subpopulation may initially lean towards
supporting HN, some members may be participating as soldiers or insurgents, for
example. In other words, even though agents may be members of one subpopulation,
they may have different attitudes towards the state of the nation based on their own

experiences with respect to their hierarchical issue structures.

A hierarchical issue structure refers to the issues that a subpopulation believes
important. The actors are representative terrorist organizations, Coalition Forces (CF),
and HN governing leadership. The goals of HN/CF and the terrorist organizations are to
take actions with respect to the subpopulations’ hierarchical issue structures in efforts to
influence attitude change towards and away from HN, respectively. Global actions, such
as media events, refer to actions that affect the entire civilian populace. Nonglobal
actions are actions that directly affect various subsets of the civilian populace; events
such as a terrorist attack in a particular neighborhood. The susceptibility to influence
concerning each hierarchical issue structure is dependent on the respective strengths of
beliefs. There are three representative economic sectors that each agent can profit in: a
production force sector, an insurgent sector, and a soldiering sector. A social network
exists within the civilian populace. The various networks and the distributions of
participation within these networks are based on the respective agents’ constantly
changing attitude toward HN. Lastly, each time step for our scenario notionally

represents one day.

At this point, we would like to clarify the use of the terms “insurgent” and

“terrorist.” This research does not consider these terms to be synonymous. We consider
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an insurgency to be a political movement intended to implement change, and terrorism as
a physical action. Although terrorism can be used as a weapon by an insurgency,

insurgencies do not necessarily do so.
2. Common Characteristics

Several settings within Pythagoras provide the same functionality regardless of
the model under discussion. We provide these commonalities up front and then offer the
individual mappings required for each analytic model within the RUCG model suite in

Sections C, D, and E.
a. Attributes

The first common characteristic for the RUCG model suite mappings into
the Pythagoras modeling environment is the use of attributes to represent issues within a
respective agent’s hierarchical issue structure. Pythagoras 2.0.0 allows each agent to
possess ten attributes compared to only three in version 1.10.5. These attributes are used

to represent the issues within all subpopulations’ hierarchical issue structures.
b. Sidedness

Another common characteristic is the sidedness for each agent. Sidedness
represents affiliation in Pythagoras, and is set via three colors: red, green, and blue.
Affiliation determines if an agent views another as a unit member, a friend, as neutral, or
an enemy. For this research, the only color utilized is blue, and it directly represents the
agents’ attitudes towards HN. A “Working Agent Pairwise Color Comparison”
spreadsheet is provided with each version of Pythagoras to help users determine agent
affiliations. The completed spreadsheet utilized for our scenario is provided in
Appendix D. A major limitation in Pythagoras, with respect to color and attributes, is the
absence of any link between them. This means that even though we can induce actions
against up to ten different attributes per agent, the results of these changes do not
automatically change agent color. Within the context of our modeling goals, any

influence due to perceived actions exerted on agents’ hierarchical issue structures do not
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automatically result in attitudinal shifts. This capability is the backbone of our desired
modeling methodology. Therefore, we developed a spreadsheet to determine the
appropriate weighted color changes to be applied to agents’ attitudes after experiencing
influence via attribute changes. It is imperative to understand the desire for this link and
the resulting weightings in order to follow the modeling methodologies provided. Hence,

we discuss these ideas and provide our spreadsheet converter next.
C. Sidedness Value Interpretation

Once again, color represents attitude towards HN for our modeling efforts,
and Figure 3 breaks down the color values and corresponding interpretation with respect
to them. A blueness value of 255 represents extreme satisfaction with the HN, while a
value of 0 represents complete disdain. The civilian populace is comprised of two
subpopulations, each of which may have members distributed within the four population
segments displayed in Figure 3. Thus, we initialize agents to appropriate blueness
settings within the representative blueness ranges displayed. We refer to these blueness

ranges as blueness “bins.”

“Blueness” Ranges

S N

! ! 50 75 100 150 175 200 225 250

: ‘Insurgentsk: _ Production Force initially supporting Insurgency ! . Production Force initially supporting HN | | Soldiers ;:

0 25 127 230 255
Figure 3. Example scenario color scale representation. [Best viewed in color]

Influential subpopulations and their initial attitudes towards HN are
scenario-dependent and need to be determined from a designated data collection effort.
For our scenario, we chose the midpoints of the production force ranges displayed in
Figure 3 for our two subpopulations. These results are graphically displayed in
Figure 4. We see that subpopulation 1 (S1) is initially content with the actions of HN and
is generally supportive, while subpopulation 2 (S2) is not satisfied, and generally

supports the insurgency. As well, Figure 4 captures the idea that even though the S2

24



majority generally leans towards the insurgency, some members possess attitudinal
stances aligned with insurgents, PF_ILT HN, and soldiers. This is also true for S1,
although we did not display this in Figure 4. The vertical bars represent the distribution
magnitudes for each subpopulation into the various population segments. Hence, the
overall plot represents the distribution of the civilian populace via subpopulations placed

in the appropriate population segments for the particular region of interest.

Subpopulations’ Initial General Attitudes Towards HN

H / Subpopulation 2: 76 in Blueness VSubpopulation 1: 178 in Blueness
‘ ‘u ‘ 0 \u \

I
i \ \ \ \ !
' 50 75 100 : 150 175 200 225: 250 |
] |

_Insurgents ;: . Production Force initially supporting Insurgency RV Production Force initially supporting HN \ I, Soldiers ;:

N LA VN VN L4

0 25 127 230 255
Figure 4. Example scenario subpopulations’ initial attitudinal stances.

[Best viewed in color]

d. Attribute Change to Color Implementation Method

Once the civilian population under consideration has been properly
distributed into population segments, it is necessary to link the effective actions taken
against the various subpopulations’ hierarchical issue structures to attitude change along
the blueness scale displayed in Figures 3 and 4. First, we designed the hierarchical issue
structures for the chosen representative subpopulations constituting the civilian populace.
Normally, this would be driven by a designed data collection effort. For our scenario, we
chose to model four issues believed important by both S1 and S2. The issues represented
by attributes for S1 and S2 are: religious freedom, infrastructure, physical security, and
economic security. Each of these issues is ranked in order of importance for S1 and S2.
Based on the importance of each issue per subpopulation, the respective issues are
assigned weightings. These weightings, in turn, represent the priorities instantiating the

hierarchical issue structures.

We previously stated that there is currently no direct link in the Pythagoras

modeling environment between attribute changes and color. As well, the attribute range
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in Pythagoras is from 0 to 1,000, while the color ranges are from 0 to 255. We
approached this problem by using triggers within Pythagoras. Triggers are events that
occur during a scenario that allow the modeler to assign alternate behaviors for the
respective triggered agents. There are trigger options for all ten attributes. We
instantiated trigger sets in Pythagoras to trigger each agent to an alternate behavior when
any attribute experiences an increase or decrease of 50 units. This alternate behavior
changes triggered agents’ color according to the weighted assignments in their respective

hierarchical issue structures.

The settings utilized for S1 and S2 are displayed in Tables 3 and 4,
respectively. These tables show that S1 and S2 care most about religious freedom, then
economic security, followed by infrastructure concerns and physical safety. However,
from the weightings listed, we see that they differ on how important each issue is.
Nonetheless, for respective 50 unit changes in these attributes due to experienced actions
and/or social influences during the course of the simulation, the listed color changes are
implemented with triggers. These color changes are also known as “splashes.” In Tables
3 and 4, which are constructed using the spreadsheet in Appendix E, we use the
predetermined color change per chosen trigger set width and multiply it by the entered
weights in order to determine the appropriate color splash per hierarchical issue. As we
can see from the right sides of Tables 3 and 4, there are errors introduced by using this
method. The fact that every 1 unit change in attribute corresponds to a 0.255 change in
color, is a limitation within Pythagoras because attribute and color inputs must be integer
values.  Unfortunately, this cannot be circumvented without coding changes to
Pythagoras. A spreadsheet designed for determining proper color splashes in accordance
with determined attribute weightings and desired trigger set widths for up to ten attributes
is provided in Appendix E. Users may use this spreadsheet to try and minimize this
aspect of attitude representation error by choosing trigger set widths with lesser errors.
However, depending on the desired model and accompanying data collection effort, this

may not be an option.
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Weights 0.5 0.15 0.05 0.3
Religious Physical Economic
Issue Name Freedom Infrastructure Security Security Actual Color Fé:rolper Cglor Che_inge
Color Change | Color Change | Color Change | Color Change Change Ch:lr?g;e Errc??sv(e‘;j;oger
Desired for Attribute 1| for Attribute 2| for Attribute 3| for Attribute 4| Implemented .
A = Amount Trigger Set
Fidelity Priority
1 3 4 2
10 1 0 0 1 2 2.55 21.57
20 3 1 0 2 6 5.10 17.65
30 4 1 0 2 7 7.65 8.50
40 5 2 1 3 11 10.20 7.84
50 6 2 1 4 13 12.75 1.96
60 8 2 1 5 16 15.30 4.58
70 9 3 1 5 18 17.85 0.84
80 10 3 1 6 20 20.40 1.96
90 11 3 1 7 22 22.95 4.14
100 13 4 1 8 26 25.50 1.96
Table 3. Subpopulation 1 hierarchical issue structure color splash magnitudes for

tracking fidelity of +/— 50 unit changes in attributes. [Best viewed in color]

Weights 0.7 0.05 0.05 0.2
Religious Physical Economic
Issue Name Freedom Infrastructure Security Security Actual Color Pcrolper Cglor Chgnge
Color Change | Color Change | Color Change | Color Change Change Ch?ar?g:e Errg:]sv(el;:;oger
Desired for Attribute 1| for Attribute 2| for Attribute 3| for Attribute 4| Implemented .
S o Amount Trigger Set
Fidelity Priority
1 3 4 2
10 2 0 0 1 3 2.55 17.65
20 4 0 0 1 5 5.10 1.96
30 5 0 0 2 7 7.65 8.50
40 7 1 1 2 11 10.20 7.84
50 9 1 1 3 14 12.75 9.80
60 11 1 1 3 16 15.30 4.58
70 12 1 1 4 18 17.85 0.84
80 14 1 1 4 20 20.40 1.96
90 16 1 1 5 23 22.95 0.22
100 18 1 1 5 25 25.50 1.96
Table 4. Subpopulation 2 hierarchical issue structure color splash magnitudes for

tracking fidelity of +/- 50 unit changes in attributes. [Best viewed in color]

e. Vulnerability

There are physical vulnerability, color vulnerability, and attribute
vulnerability settings in Pythagoras. Physical vulnerability is not a player in our
modeling as the only shooting happening is that of influence; there are no hard kill
weapons required for this research. Color vulnerability in not required either, as all
attitudinal change stems from actions against attributes. We do splash agents with

appropriate weighted color within an alternate behavior side property tab; however, this
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particular implementation method is not linked to the color vulnerability settings. We
focus on the attribute vulnerabilities for this research. The attribute vulnerabilities can be
set per attribute, as well as initialized with a desired tolerance. While attributes represent
issues in the various hierarchical issue structures of the agents, the vulnerability settings
represent the strengths of the beliefs that are the driving force behind them; the difficulty

required to exert effective influence.

A limitation associated with attribute vulnerability settings exists due to
differences in modeling conventional warfare versus our efforts of modeling attitudinal
change within IW. A person’s vulnerability to a bullet is the same regardless of whether
the shooter is a friend, an enemy, or a neutral party. As such, there is no control in
Pythagoras allowing variation of vulnerability settings depending on the relationship
between the shooter and the target. However, for our modeling efforts, this is exactly the
type of control we would like. As discussed in the social network model synopsis in
I1.C.2.a, the ability to influence another in our social network is indeed dependent on this
relationship. Ideally, we would like to be able to assign vulnerabilities according to the
sidedness differentials between those connected in the social network. For example, if
you are talking to a friend, the vulnerability would be relatively high, and for an enemy,
relatively low, etc. We cannot implement this methodology here, but we will attempt to
capture this idea utilizing communications devices, which will be discussed in detail in
III.D. Hence, the attribute vulnerability settings for our agents will remain constant
throughout the entire simulation. These vulnerabilities will represent the difficulty to
influence an agent’s individual attributes, regardless of whether the attempted influence is
coming from friends, enemies, or neutral parties. The more one believes, the harder it is
to influence the issues derived from these beliefs. The idea of affiliation will be

instantiated with communication devices. This is discussed in detail in III.D as well.
f. Time Step and Terrain

The extent of abstractness in our modeling efforts forces us to interpret
time steps, distance, and speed in a nonstandard manner. Normally, when building

scenarios with ABMs, the time step, agent speed, and the physical terrain are directly
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linked. This is not the case within our modeling methodology. We are not trying to map
an actual geographic region into our models. The terrain pieces implemented represent
the various economic sectors for the economy. For example, to capture the essence of the
economic insurgency model, we have three economic sectors: a production force
economic sector, an insurgency economic sector, and a soldiering economic sector.
Another way to look at it is these sectors represent where the agents can receive their
economic security; by working in the production force, participating in the insurgency, or
joining the soldiering forces. Time steps are not linked to speed and distance. The firing
rates of the actors are the actual link to our time step. Movement exists only to allow
agents the capability to switch between economic sectors. The methodology for
movement implementation will be discussed in further detail within the mappings

presented for the economic insurrection model in Section E.1.c.

3. Agent Descriptions

a. Overview

These agent descriptions are provided to allow us the ability to utilize
accurate screenshots from our model for presentation of our modeling methodology. We
continually refer to agents by the names utilized in the scenario for presentation of
methodologies for the numerous implementations necessary to capture the entire RUCG
model suite. The agents presented here are limited to subpopulation agents and actor
agents only. Subpopulation agents represent subsets of the civilian population that are
continually targeted by the actor agents. The actor agents are attempting to apply
influence on the subpopulation agents in order to win over their attitudinal stances. This
section serves as a general reference for these agent names, descriptions, and their
designed roles in the overall scenario. However, the in-depth mappings necessary to
make these agents perform their designated roles are provided in III.C, III.D, and IIL.E.
As well, several other agents are utilized in this model for various reasons. We present
these agents and their purposes as necessary within the specific RUCG model suite

methodology mapping discussions.
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b. Subpopulation Agents

Our scenario incorporates two different subpopulations: S1 and S2.

These subpopulations constitute the civilian populace and are the target of all actors

within the scenario. Subpopulations do not take actions. As previously discussed, each

subpopulation is initialized to a general initial attitude towards HN. Also, each

subpopulation is distributed amongst four population segments. This results in the

following subpopulation agents:

S1_Insurgents: S1 members whose attitudinal stance towards HN, which
is based on the status of their hierarchical issue structure, is aligned with
those participating in the insurgency. They are not participating in the
production force and are officially active participants in the insurgency.

Subpopulation 1 initially leaning towards the insurgency (S1_ILT_I):
S1 members whose attitudinal stance towards HN, which is based on the
status of their hierarchical issue structure, is aligned with those who are
generally unhappy with the performance of HN. They are actively
participating in the production force.

S1 ILT_HN: SI members whose attitudinal stance towards which is
based on the status of their hierarchical issue structure, is aligned with
those who are generally content with the performance of HN. They are
actively participating in the production force.

S1 Soldiers: S1 members whose attitudinal stance towards HN, which is
based on the status of their hierarchical issue structure, is aligned with
those participating in the soldiering force. They are not participating in
the production force and are officially active soldiers in support of HN.

S1 Leader: S1 leader whose initial attitudinal stance reflects that of S1.
The main difference for the leader agents is that their social network
influence capabilities are greater than those of regular members.

The agents for S2 are identical in format and differ only in initialization,

as previously discussed.

C. HN Actor Agents

HN agents perform global actions only. Global actions represent such

actions as media events, public affairs campaigns, political agendas, etc. As stated in the

attitudinal effect model, all actions are perceived as good or bad by the various members
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of the civilian populace. Also, for global actions only, we can implement instantaneous

memory loss after certain periods of time. This concept is discussed in further detail in

II.D. The following HN agents are utilized in our scenario:

HN Political Machine Perceived Good/Bad
(HN_PM_PG/HN_PM_PB): These agents take global actions against
the entire civilian populace in an effort to gain their support.

HN_PM_PG_Duration and HN_PM_PB_Duration:  These agents
shoot equal and opposite magnitude influence as their respective
counterparts above. The calculated firing rates are set to represent
memory loss after desired time periods. In other words, the firing rate
differentials create the idea of instantaneous memory loss for the
targeted agents.

d. CF and Terrorist Actor Agents

CF and terrorist agents execute non-global actions. These agents are

tasked with one of two distinct missions: target/protect civilians or target each other.

Therefore, the following agents are utilized in our scenario:

CF Security Perceived Good/Bad
(CF_Security_PG/CF_Security_PB): These CF agents are tasked with
providing security to the civilian population. They will engage enemies,
but their desired movements are to stay near civilians unless actively
engaged with the enemy. These agents represent regular security patrols.

CF Target Terrorists Perceived Good/Bad
(CF_TargetTerrorists_ PG/CF_TargetTerrorists_PB): These CF
agents are tasked with searching for and destroying known terrorists.
Their movement desires are always towards any enemy within their sensor
range capabilities. Sensor range capabilities are representative of the level
of intelligence provided to the respective agent.

Terrorist  versus Production Force Perceived Good/Bad
(Terrorist_ vPF_PG/Terrorist VPF_PB): These terrorist agents target
civilians in hopes of instilling fear into those not actively participating in
the insurgency.

Terrorist versus CF Perceived Good/Bad
(Terrorist vVCF_PG/Terroris_VCF_PB): These terrorist agents are
tasked with attacking any CF agents within their sensor range capabilities.
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C. ATTITUDINAL EFFECT MODEL MAPPINGS INTO THE
PYTHAGORAS MODELING ENVIRONMENT

In accordance with the attitudinal effect model synopsis in II.C.1.a, the resultant
mappings to capture its essence are provided. Take note of the blue highlights within
each figure provided. These highlights capture the tab selections within Pythagoras, as
well as anything selected within the tabs. This aids in understanding the examples
offered for methodology implementations. Also, some of the figures offered contain
layered cutouts from other tabs in Pythagoras to help consolidate pictorial representations

of the various mappings presented. These cutouts are highlighted in red.

1. Mappings

a. Initial Attitudinal Stances

The initial attitudinal stances of S1 and S2 represent their current
respective attitudes towards HN. Current attitude representation corresponds to the time
period just prior to the desired timeframe under investigation. These settings are
implemented in Pythagoras by first constructing the desired settings in the “Sidedness”
tab and then assigning these various sidedness listings to the proper agent. We use an
S1 ILT HN agent to illustrate this mapping process. Figure 5 shows the construction of
a “PF_ILT HN” sidedness. The blueness value of 178 is the initial attitudinal stance of
any agents who are initialized with this sidedness. Thus, for the SI ILT HN agents, we
attach this sidedness listing, as shown in Figure 6. It is important to remember that these
are only initial settings. As the simulation runs and the agents are influenced, these
blueness values will change with respect to the scale shown in Figure 4. The sidedness

settings for each type of agent in our scenario are listed in Appendix D.
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=5 List
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Soldiers
Soldiers_Moverment
Terrorists

Name: [PF_ILT_HMN | Last Modified:

Description: |[Production Force initially 1eaning towards Host Nation

MR,

| Basic Properties | Unit | Friendly | Enemy |

Redness: b

Redness Tolerance: |0

Greenness Tolerance: |0 |

Blueness Tolerance: 0

e

Figure 5. “Sidedness” tab for initial attitude settings (from Pythagoras 2.0.0

Version 19).
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Figure 6. Assigning initial attitudes to representative agents (from Pythagoras 2.0.0

Version 19).

b. Perception of Active Actions

There is no setting in Pythagoras for perception. There are two ways to
implement the idea of perception within the model. Each implementation has associated
limitations. We utilize separate agents in order to represent actions perceived as good or
bad. For example, within our scenario we have terrorist agents that take actions that are
perceived as good (Terrorist VCF _PQG), and separate terrorist agents that take actions that
are perceived as bad (Terrorist vCF _PB). Each of these agents carry up to four weapons
with associated perceived good and perceived bad attribute changers, respectively. This
implies that actions taken by actor agents against others result in correlated influence;
meaning if one issue in a hierarchical issue structure is negatively influenced, it is likely
that the others are negatively influenced as well. The accuracy of this type of relationship
can be argued either way. However, this is in line with the theory discussed in the social
network synopsis as well. Also, by utilizing separate agents, we are able to set the

approximate probabilities that actions are perceived as good or bad with designed ratios
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of good agents versus bad agents, along with their respective fire rates. Granted, this is a
very loose approximation, but it is the best method we could devise without a direct

capability to set these probabilities in Pythagoras.

We also explored a method involving the use of single agents to represent
both types of perceived actions. This is possible due to the added capability for agents to
carry multiple weapons and engage more than one target per time step. However, we
believe the resulting correlations for this particular methodology must be more scripted
by the user. By scripting, we are referring to the necessity to monitor self-induced
influence dependencies. It will be important to ensure that agents for all possible
combinations of perceived good and perceived bad weapons are constructed in the
absence of extremely accurate data from which to build these actor agents. As well, an
actor agent carrying a perceived good weapon for a particular issue cannot carry a
perceived bad weapon for that same issue if the fire rates are equal for both weapons. If
an agent is constructed in this manner, the attempted influences will immediately cancel
each other out. This method requires more agents to be constructed, a very accurate data
collection effort concerning issue relationships, and more scrutiny in their design.
Granted, if the detailed data collection effort concerning issue relationships is
successfully achieved, the potential for this setup may be superior to the first one
discussed. However, at this stage in our methodology search, we believe this method is
more dangerous since it requires more assumptions on issue relationships that in
actuality, we do not know. Hence, we decided to implement separate agents—perceived

good agents and perceived bad agents.
C. Memory Duration

Once again, there is no direct setting in Pythagoras that allows the effect
of actions performed to be limited for designated time periods. We are able to instantiate
memory for agents only if acted on with global actions; however, this memory loss is
instantaneous and not in accordance with any kind of distribution. Remember, global

actions refer to actions that simultaneously affect the entire civilian populace. A global
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action is easily implemented with indirect weapons that can range the entire play box.

We utilize paired agents to implement this characteristic.

Figure 7 shows a HN PM PG agent carrying a HN_PM PG weapon.
This weapon has an attached attribute changer that increases a successfully targeted
agent’s religious freedom, infrastructure, and physical security attribute values by five
units. The fire rate for this weapon is set to 0.2 per time step. For our scenario, each time
step represents one day. Hence, the HN PM PG agent fires every five days. The
memory implementation is attained by also adding an HN_ PM_PG_Duration agent. The
HN PM PG Duration agent executes actions of equal and opposite magnitudes at a
different rate. The rate differentials represent the desired memory durations for the
actions. Although not displayed, the HN PM PG Duration agent weapon has an
attached attribute changer that shoots negative five religious freedom, infrastructure, and
physical security attribute units. The fire rate is set to 0.08333. This fire rate represents
one shot every 14 days. Hence, the HN political machine actions perceived as good, in
this case, are remembered for nine days. It is important to point out that these results are
deterministic only if the tolerance settings for all the inputs discussed are set to 0.0. With

tolerance settings other than 0.0, this simulation provides stochastic results.
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LES_Left W [ifstuctur|  |incremental |~ | | 5| o
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Description: [Host Nation Political Machine such as Media/PA0/Palitics targeting production force; actions perceived as Good

Side Property | Attributes | Atiribute Changes | Resources | Triggers | End of Run MOEs |

I ‘Weapon Possession | Engagement Desire | Sensor Possession l Comm Posses|
" PositionProperty | Other Properties | SpeedProperty | MovementDesire | Terrain Prefe
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Weapon Type 3 [NOT SELECTED + | Random pegrec orpamage o0 ]| ()
Suppression Duration ] jo.o 02 04 06 08 1.0
Figure 7. HN PM PG actor agent setup for memory loss implementation

(from Pythagoras 2.0.0 Version 19).

In summary, every fifth day civilians experience influence from HN, and
every 14th day they forget it. This effect in itself is not necessarily absolute, however.
Remember, each agent possesses attribute vulnerability settings that affect the amount of
influence received. If attribute vulnerability tolerance settings are set to a value other
than 0.0, then this effect will not be absolute. Thus, memory loss is quite possible with
respect to global actions, but the user should be aware that absolute memory loss
implementation is not necessarily occurring when utilizing attribute vulnerability

tolerance settings.

Concerning nonglobal actions, accurate memory loss implementation is
not possible. Again, nonglobal actions are actor actions against subsets of the civilian
populace. Because actor agents and the representative civilian agents are moving during
the simulation, there is no manner in which to ensure that actions taken against a

particular agent will be removed from that same agent after a specific period of time.
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Therefore, we were unable to implement “Duration” agents, and all effective nonglobal
actions result in permanent influence. Nonetheless, we still instantiate nonglobal actor
agents in pairs of good agents and bad agents. Each of these agents can carry up to ten
different weapons. Therefore, it is the option of the user to determine what type of
influencer each of these agents will be. An actor agent can carry a separate weapon with
an attribute changer for a single issue, or carry several weapons, each capable of applying
influence on several issues within the subpopulations’ hierarchical issue structures. As
well, if an actor agent carries multiple weapons, each one can have a different fire rate.
This setup allows for a great deal of flexibility within the model. Figure 8 illustrates an
example setup with a Terrorist VPF PB agent. This agent carries three separate
weapons. The third weapon targets civilian agents’ physical security perceptions within
their hierarchical issue structures. The fire rate is set to 0.10, representing attempted
influence concerning physical security every ten days by this particular actor agent.

Since we cannot utilize “Duration” agents to counteract this influence, it is permanent.

F Sensor rCumms r Agent tf\mtrihute Chan;ar/}r Alternate Behavior rMOE |

Overview |’ ~Terrain | |’ Weapon |’ Sidedness
Ingent List Jsactvez  Attribute Changer Type Value Tolerance
Terrorist_vCF_PB Religion [ |
Terrorist_vCF_PG
Terrorist vPF_PB = Infrastructur
Terrorist_vPF_PG v [ Security Incremental | v 5| 0
Mame: [Terrarist_wPF_PB | LastModified: | |

Description: [Terrorists trying to take action againstthe production force that is sympathetic to the Host Nation; Actions perce|

Side Property r Attributes r Attribute Changes r Resources r Triggers r End of Run MOEs |
Weapon Possession r Engagement Desire r Sensor Possession r Comm Possession
| Position Property [ Other Properties | Speed Property | MovementDesire | Terrain Preference

Weapoh Possession Setting

Effectiveness 0.0

Marksmanship 1.0
Fire Rate 010

Weapon Type 1 [Terror_att1 P8 |v| L) _
00 02 04 06 08 1_uMaximumEm;agementRane 50.0

Marksmanship 1.0 Ammunition Rounds 1000
Weapon Type 2 |Terrl:lr_.ﬂ.tt2_PB | - | ! O Random Degree of Damage 0.0
Oh W2 09 0F Ok 1'[1 Suppression Duration o

Marksmanship-1.0— — Marksmanship Tolerance 0.0
Weapon Type 3 |Terror_mt3_PB "T;T—' G
o0 02 04 06 08 10 00 D02 04 06 08 10

Figure 8. Terrorist vPF PB actor agent setup for permanent influence implementation
(from Pythagoras 2.0.0 Version 19).
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d. Mean Number of Active Actions

This implementation begins with the “Fire Rate” settings in the “Weapon”
tab. These settings represent the numbers of actions possible per time step. Active
actions perceived as good or bad are implemented with paired agents, as previously
discussed. The additive capabilities from the actors’ firing rates per weapon, and the
number and variety of actor agents instantiated, represent the total number of active
actions available during the simulation. This is the number of available or possible
actions, because this is a stochastic simulation. The movement and encounters between
actors and targeted agents are not scripted in advance. Hence, the true mean numbers of
actions taken will be determined after simulation completion by dividing the true number
of actions taken by the total number of time steps. As well, due to the flexibility in
construction of the various actor agents, the mean number of active actions can be
categorized into perceived as good, perceived as bad, global versus nonglobal, and per

issue within the various subpopulation hierarchical issue structures.
e. Magnitude of Actions

One change in the Pythagoras 2.0.0 upgrade is the ability to build attribute
changers and attach them to weapons. These hybrid weapons shoot attributes just as
regular weapons shoot ammunition. The magnitudes of the actions taken are directly
represented by the values placed in the attribute changers settings. Examples of attribute
changer values are displayed in Figures 7 and 8. These values are representative of the
magnitude of influence an actor agent attempts to inject onto the various subpopulations’
hierarchical issue structures per action taken. Thus, for our scenario, the fire rate and

accompanying magnitudes determine the possible amount of influence per day.
2. Limitations

The first limitation discussed with respect to our attitudinal effect modeling
efforts is the capability of representing perception. There is no setting within Pythagoras

that allows the user to set a probability that an action is perceived as good or bad.

39



The second limitation encountered concerned memory implementation. We are
limited by Pythagoras in representation of distributed memory loss for global actions and
for any type of memory loss for nonglobal actions. As such, we must assume that
memory loss due to global actions is instantaneous and that influence resulting from

nonglobal actions is permanent.
3. Recommendations

The workarounds utilized for implementation of perception and memory loss are
not perfect, but they do capture the ideas fairly well. = However, we offer
recommendations for possible added capabilities within Pythagoras for HBR modeling
efforts. Concerning perception, it would be useful to our modeling efforts to have a
perception setting available for each weapon that has an attached attribute changer. This
perception setting could be defaulted to represent perceived good actions, and if latched,
allow an input from zero to one for a random draw on each action being perceived bad.
This would allow for the direct entry of probabilities that actions are perceived good or

bad, and greatly reduce the number of actor agents required.

For memory implementation we have to consider the strength of the assumptions
forced on us due to the limitations encountered. Remember, we must assume that
memory loss due to global actions is instantaneous, while influence resulting from
nonglobal actions is permanent. The latter assumption is less concerning than the first.
Nonglobal actions can be thought of as personal attacks, which very well may have a
permanent effect on an individual’s personal hierarchical issue structure. Instantaneous
memory loss is more unrealistic. Thus, the ability to implement distributed memory loss
for agents would be greatly beneficial, but most likely, will require a great deal of cost in

complexity and computer memory.

D. SOCIAL NETWORK MODEL MAPPINGS INTO THE PYTHAGORAS
MODELING ENVIRONMENT

In accordance with the social network model synopsis II.C.2.a, the resultant

mappings to capture its essence are provided. We refer to networks and the social
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network throughout our discussions. Networks are the individual network components
that the overall social network is comprised from. Another upgrade provided in
Pythagoras 2.0.0 is the ability to attach attribute changers to communication devices.
This capability was designed specifically to enable the creation of social networks within
the Pythagoras modeling environment. Hence, we leveraged this capability as the
foundation for our modeling methodology with respect to the social network
implementation. The participation distributions and transfers into and out of various
networks are accomplished with the use of triggers based on attitudinal shifts. Lastly,
these attitudinal shifts are performed via the attribute to color conversion method
discussed in III.B.2.d. Once again, we utilize the blue highlights within each figure,
along with layered cutouts highlighted in red, to aid us in our pictorial representations of

the various mappings presented.

1. Mappings

a. Social Network Construction

There are an extremely large number of different social network
possibilities to consider even when dealing with small numbers of people. It is
imperative to determine the essential networks within the area of interest that will provide
insight concerning the desired end state, while at the same time, not adding an
unmanageable amount of complexity to the model. We first determined the number and
types of social networking possibilities with respect to S1 and S2 for our abstract area of
interest. Once the essential networks were chosen, we switched focus to the strengths of
relationships both within and between the subpopulations. Again, the social network we
constructed for our scenario is merely an abstract framework and will need to be
constructed from background research and a detailed data collection process designed for

particular specific modeling efforts.

We determined there were seven essential networks that agents could
participate in for our scenario: Insurgent, those partial to an insurgency (PF ILT I),

those partial to HN (PF_ILT HN), Soldiering, Neutrals who are on the fence with respect
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to support for the insurgency or HN, and one network for each of the two subpopulations
(S1_Fam and S2_Fam). Figure 9 illustrates six of these seven networks because we show
only the S1 family network. Each network is defined by the blueness bins displayed.
The subpopulation networks can be thought of as family networks. We assumed that no
matter what attitudinal stance an agent ends up taking, there will always be at least some
link to family. Hence, the agents do not ever completely exit out of their family network,
but their participation levels change in accordance with attitudinal shifts. Also, each
family network possesses a leadership aspect that allows the respective subpopulation
leaders to impart influence on their members. This leadership influence is only a
one-way transfer. Thus, members of the subpopulations listen to their leaders, but do not
provide them feedback. For the other networks shown, agents only enter them if their
perceptions of satisfaction with respect to HN are aligned with the network perception.
Their levels of participation in these networks also change in accordance with their
respective attitudinal shifts; however, they can chose to exit these networks completely.
These participation levels are represented by the various percentages displayed. Next, we
discuss the manner in which we attempted to implement our vision for capturing the

social networking aspect of our research.

Blueness Bins . Social Network
/ Triggers
1
i 178
e — A :
| || | | [ I I | | || |
1 4pA
| i | |
100% 95% 75% 50% 30% . 10% lﬁ)O/J 100%
0 25 35 55 86 106 ¢ 148 168 200 220 230 255
116 : 127 138
! C——
!
i
™~ Example cut
Networks
L Insurgent network: blueness between 0 and 25
— Network of civilians partial to insurgency: blueness between 25 and 127
Network of civilians partial to HN: blueness between 127 and 230
— Soldiering network: blueness between 230 and 255
Neutral network: blueness between 116 and 137
S1 family network: S1 agents always participate to some degree in this network

Figure 9. Pictorial representation of social network construct
(from Pythagoras 2.0.0 Version 19). [best viewed in color]
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b. Networks

Each communication device built within the “Comms” tab represents a
different network. Each agent can carry up to ten different communication devices, vice
the previous limit of three in version 1.10.5. With the added capability to attach attribute
changers to the communications devices, the various communications devices that agents
possess directly represent the networks that the agents are active in. Figure 10 illustrates
the initial setup for S1. The cutout highlighted in red is a list of nine communication
devices built for our scenario. Two of these devices are utilized to allow respective
individual leader influence on S1 and S2. The remaining seven devices match the
networks portrayed in Figure 9. As we can see from Figure 10, the SI PF ILT HN
agents initially participate in their family network as well as the PF_ILT HN network.

Comms _Auent E-Attrihme{:hanger Alternate Behavior | MOE '_ Comms | Agent
' Overview | Terrain I Weapon | Sidedness i Overview
i,ﬁqem List [Comm List
[S1_PF_ILT_HN Insurgents
IS1_PF_ILT_I Heutral
S1_Soldiers F_ILT_HN
52_Insurgents PF_ILT_I
S1Leader
Name: S1_PF_ILT_HN | Last Modified: | H[S1_Fam
x S2Leader
Description: |Portion of subpopulation 1 that works in the production farce ar nitiallulean;tnwar $2 Fam
Eﬂﬂ Property i Attributes | n.mlhutephanges | ResnuEgs '}@ers | E/ncéﬂunhlo Soldiering

Weapon Possession | Engagement Desite | Sefisor Possession | Comm Possession |
Position Property | Other Properties | Speed Prog ] nt Desire _rTerrain Preference |

all

Communication Hops

Effectiveness Tolerance; 0.0

=

Comm 1 Type: |PF_ILTJ-IN -| / LB

0.0 2 04 06 08 10 00 02 04 06 08 10
Effectiveness: 0.5 Effectiveness Tolerance: 0.0
Comm 2 Type: |S1_Fam | - b

00 02 04 06 08 1.0 00 02 04 06 08 10

Figure 10. Example of network representation with communication devices
(from Pythagoras 2.0.0 Version 19).
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Each network is differentiated not only by name, but by channels. Each

communication device can operate on three different channels, and each channel can be

set to one of 100 settings. Therefore, each device can simultaneously operate on three

out of 100 channels. Each of the three channels must be designated as talk only, listen

only, or talk and listen. An example for the PF_ILT HN network is shown in Figure 11.

Agents whose attitudinal stances are in agreement with those generally content with HN

will enter into this network by receiving the PF_ ILT HN communications device. All

members of this network experience influence exchange on channel 5. Table 5 provides

the channels, the functionality per channel, and the attached attribute changers for the

networks used in our scenario social network construct. Next we discuss the meaning of

network participation.

[ Sensor | Comms | “ngem | Attribute Changer | ‘AMternate Behavior | MOE
[ Ovenview i Terrain Weapon

Sidedness |

E omim List
: Insurgents

IHeutral

PF_ILT_HN

PF_ILT_I
SiLeader
S1_Fam
SZ2lLeader
S2_Fam
Soldiering

Name: PF_ILT_HN | Last Modified: ?12.01-08

Description: |Net for the production force that inifially leans towards the HN: 127 <=blueness<230

I ‘Basic Properties | First Channel

'"Second Channel | Third Channel |
Comm Channel
Channel: !5 -
Attribute Change

Attribute Changer: |SocialNetwork | - i

Channel Communication Options

| [v|Talk [v]Listen |

Figure 11. Channel and functionality designation for PF_ILT HN network

(from Pythagoras 2.0.0 Version 19).
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Network Associated Functionality Attribute Changer
Channels

Insurgent 2 Talk and Listen SocialNetwork
PF ILT I 4 Talk and Listen SocialNetwork
Neutral 11 Talk and Listen SocialNetwork
PF ILT HN 5 Talk and Listen SocialNetwork
Soldiering 1 Talk and Listen SocialNetwork
31 Fam 3 Talk and Listen SocialNetwork

- 7 Listen Only None
3 Fam 6 Talk and Listen SocialNetwork

- 8 Listen Only None
Note: S1 Fam and S2 Fam networks operate on two channels. Channels 7 and 8
represent the link between S1 and S2 leaders and their respective followers. Further
discussion is provided in II11.D.1.b.

Table 5. Summary of social network construct via channels, corresponding channel
functionalities, and attached attribute changers.

C. Network Participation

Agent participation levels within the different networks are dependent on
the attitudinal stances of the agents. We arbitrarily chose the network participation levels
and assigned them to the blueness bins illustrated in Figure 9. The number of bins per
network equates to the desired fidelity in the model. Looking at the PF_ILT I network in
Figure 9, there are six blueness bins that an agent travels through from entry to exit from
the network. Each bin possesses different participation levels for the agents. The
attitudinal differentials between the network majority mean attitudinal stance and agents
within the network determine the amount of influence that agents can implement or
receive in the network. Therefore, the bins encompassing the mean color values per
network always possess the highest participation percentages. These illustrated
participation level percentages are implemented in Pythagoras via the “Effectiveness”
settings in the “Comm Possession” tab, shown in Figure 12. The values entered in the
effectiveness settings represent the percent of successful influence transfers from one
agent to another. With the effectiveness tolerances set to zero, these percentages
represent exact percentages of successful influence transfers; the attribute vulnerability

settings have no effect on these transfers.
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The example cut line in Figure 9 is provided to help illustrate the process
of manipulating participation levels. SI is initially partial to HN, shown in Figure 9 by a
blueness value of 178. Figure 10 illustrates, via the effectiveness settings, that S1
members initially participate in the S1_Fam network at a 90% level and the PF_ILT HN
network at a 50% level. If, during a simulation run, a subset of S1 members is influenced
to an attitudinal position within the 116-127 bin, they will be participating in different
networks, and at a different level within the S1 family network. The resulting changes
are displayed in Figure 12. As we can see, these agents have exited the PF_ILT HN
network altogether, entered the Neutral and PF ILT HN networks, and remained in the
S1 Fam network. Their participation levels within these networks are 90%, 10%, and
40%, respectively. Next, we provide the role attached attribute changers play in the

overall functionality of our social network.
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Sensor | Comms | Agent | Attribute Changer | Alternate Behavior | MOE |
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Position Property ' Other Properties ' Speed Property | Movement Desire
| Previous Behavior [~
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Communication Hops
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Effectiveness: 0.4 Effectiveness Tolerance: 0.0
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Effectiveness: 0.1 Effectiveness Tolerance: 0.0
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Figure 12. Network participation levels for the example cut line in Figure 13

(from Pythagoras 2.0.0 Version 19). [Best viewed in color]

d. Network Influence Transfer

Attribute changers are conduits for influence exchange. All agents
participating in a network hold the same communication device with an attached attribute
changer. The attribute changer passes a desired percentage of relative issue differentials
throughout the network. An example attachment is shown in Figure 11, where the
“SocialNetwork™ attribute changer is attached to the PF_ILT HN communication device.

This attribute changer passes a 1% relative issue differential between all networked
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agents with at least one common issue within their hierarchical issue structures. The
construction of this attribute changer is portrayed in Figure 13. Agents that participate in
more than one network may receive influence from several sources in a single time step.
Pythagoras registers these influences and applies the average to each affected issue within

the hierarchical issue structures.

Sensor |/Cumms r Agent r Attribute Changer |/ Alternate Behavior |/MOE |
‘ Crverview |/ Terrain r Weapon |/ Sidedness |

ttributeChanger List
%_TaxHate
Zero

oclalMetwork
Terror_Att1_PG =

[ »

Name: [socialNetwork Last Modified: |27-02-03 |

Description: |Represents the mutual influence in a social netwark |

Properties |

Agent must possess ALL active attributes for changer to be effective [ |

Is Active? Attribute Changer Type Value Tolerance
_Religion_| | 1% | 0l
inflastructur|  |Refative [+ | | 1w | ol
S| — T —
[Economics | |Refative  |¥| | 1w | ol

Figure 13. “SocialNetwork™ attribute changer implementation

(from Pythagoras 2.0.0 Version 19).

e. Trigger Sets

The previous three sections have provided several pictorial representations
of agents’ resultant settings transitions due to attitudinal shifts from experienced
influence on hierarchical issue structures. Thus far, though, we have not provided the
methodology that makes these transitions possible. We utilize triggers and alternate

behaviors to transfer agents into and out of networks, set the appropriate participation
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levels, and ensure hierarchical issue structure influence exchanges receive proper
weighted color adjustments. Trigger sets are the core components that nearly bring the
entire modeling methodology together. We use the term trigger sets because every
subpopulation possesses an individual set of triggers and alternate behaviors that are
constructed to match their unique hierarchical issue structures; dissimilar hierarchical
issue structures require different weighted color splashes for equal magnitudes of

influence experienced.

We first attempted to build embedded triggers to capture all possible
movements of agents along the blueness color scale. Embedded triggers refer to the
process of building every possible combination of attitudinal stances that agents can
adopt at any time period during the simulation. If implemented, once the agents depart
their initial state, they need never return. Unfortunately, we found that the current
Pythagoras setup for constructing triggers induces exponential trigger trees when
embedding triggers. Because we must know where each agent is coming from when
switching between alternate behaviors, the number of triggers required building every
possible combination of attitudinal stances, which are dependent on the changing states
of up to ten different attributes, grows exponentially. Thus, we deemed embedded trigger
implementations impractical. More information on exponential trigger trees is provided

in Appendix F.

Without the use of embedded triggers, we needed to continuously send
agents to a known state; the only state we always know for sure is “Initial.” We utilize
Figures 14-18 to illustrate the trigger set implementation and flow. Figure 14 illustrates
the “Initial” hierarchical issue structure state for an S1 PF ILT HN agent. The issue
values of 698 equate to an initial attitudinal stance of 178 blueness units for S1 agents.
This conversion is in accordance with the attribute to color conversion method discussed
in III.LB.2.d and the specific S1 hierarchical issue structure displayed in Table 3.
Remember, even though we have added the capability for agents to react heterogeneously
to actions and influences experienced, all agents are initialized homogenously. Next, we
implemented the initial triggers in the S1 PF ILT HN “Initial” state. These triggers are

displayed in Figure 15. There are two extremely important comments concerning
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settings shown in Figure 15. First, notice that all triggers must be prioritized. Even
though we are utilizing only four of ten possible attribute settings within each
hierarchical issue structure, we must prioritize ten different triggers. Second, to track
attribute changes per attribute, we must input a specific range; in this case, the range is
from 600 to 700. These two requirements cause serious problems with respect to

accurate attitude representation. These problems are highlighted next.

[ Overview | Terrain | Weapon | Sidedness | Sensor | Comms | Agent | Attribute Changer | Alternal
Ingent List
S1_PF_ILT_HH
S1_PF_ILT |
%1_Soldiers
%2 _Insurgents

Name: |51 _PF_ILT_HH Last Modified:

Description: |Partion of subpopulation 1 that works in the production force and initially leans towards the HN

Sensor Possession |/ Comm Possession r Side Property r Attributes r Attribute Changes r Resources
Position Property r Other Properties |/ Speed Property r Movement Desire r Terrain Preference r

Agent cumulates attribute changes

Keep attributes normalized |

Attribute Possesses? Init Value Tolerance Init Yulnerability  Vulnerability Tol
Religion_| bas | o | oo | o |
(nfrastructur] bas | o | fm ] o |
| security | EEE | o | oo | o |
[Esonomics | bz | [o I |

Aftribute & |

Figure 14. “Initial” hierarchical issue structure state for SI PF ILT HN agent
(from Pythagoras 2.0.0 Version 19).
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%Anribule 3 Greater Than 10 E Edit 700 ] .S1l_l}\n3PnsiTiveCC
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Figure 15. S1 PF ILT HN “Initial” trigger state (from Pythagoras 2.0.0 Version 19).

As an example, assume the S1 PF ILT HN agent in Figure 15 is
negatively influenced with respect to religious freedoms, represented by attribute 1.
Once attribute 1 is reduced below 600, this agent enters the “S1_ AttlNegativeCC”
alternate behavior. Figure 16 illustrates the inner workings within this alternate behavior.
The first event is the application of the proper weighted color change for the respective
decrease in attribute 1. As depicted, six blueness units are subtracted from the agent’s
attitudinal stance, which represents a negative shift in support for HN. The six units are
specific to S1, and match the weighted color splashes for the S1 hierarchical issue

structure listed in Table 3. The “All Is Well” color change setting we utilize to
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implement the color splashes continuously applies one color splash per time step for as
long as the agent remains in the alternate behavior. Hence, we needed to ensure the
agents remained for exactly one time step; otherwise agents would constantly fall victim

to inaccurate attitudinal shifts.

‘Sensor | Comms | Agent | Attribute Changer | AMternate Behavior | MOE |
Overview i Terrain [ Weapon I
[atternative Behavior
[S1_att1NegativeCC
S1_Att2NegativeCC
S1_AttINegativeCC
S1_Att4PositiveCC
S1_AttANegativeCC
S2_Att1PositiveCC
Name: [51_Att NegativeCC | Last Modified: |
Description: |Pr0ductinn force initially leaning tovard HN weighted color change for respective decrease in attribute 1 |
~ Comm Possession | Side Property | Attributes | Attribute Changes | Resources | Triggers |
Terrain Preference r Weapon Possession | Engagement Desire I Sensor Possession |
Position Property | Other Properties J Speed Property | Movement Desire |
[ ] Use Previous Behavior
Agent Knowledge
Always Know About Unit Knowledge Retention (# time steps): 0 |
[v] Always Know About Friend Knowledge Retention Tolerance (# time steps): 0
Color Changes
Side Changes | Valuge Value Tolerance | Delta Blue | Delta Blue Tolerance
Too Few Friendlies Count 0 0 0 0
Too Many Enemies Count 0 ] 0 0
Out Mumbered By Ratio n.o 0.0 0 0
Out Numbering By Ratio 0.0 0.0 ] 1]
Shot At ] 1]
Shooting 1] 0
AtWaypoint 0 0
At Objective 0 0
Don't Know About Leader 0 0
Know About Leader 0 0
All ls VWell |-8 | o
Figure 16. S1 weighted color splash for negative influence on attribute 1

(from Pythagoras 2.0.0 Version 19).
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We ensure agents remain in the color change alternate behaviors for a
single time step via the setup shown in Figure 17. Each time an agent enters a color
change alternate behavior, they are returned to “Initial” after one relative time step. As
previously shown in Figure 15, each attribute trigger in the “Initial” state must be
bounded. In this example, the attribute triggers are bounded between 600 and 700.
Hence, before we send agents back to “Initial,” we must ensure that the tripped attribute,
attribute 1 in this case, is reset to a value that will not continually satisfy the “Initial”
triggers and dominate the trigger set. We chose to reset tripped attributes to the median
values of the initial range each time an agent is triggered back to their “Initial” state, as

shown in Figure 18.

f Crverview |/ Terrain rWeapun rSidedness r Sensor rCumms r Agent rnttrihute Changer |/ Alternate Behawior

Ialternative Behavior
51_Att1NegativeCC
S1_AttZNegative CC
51_AttINegativeCC
51_AttdPositiveCC

51_AttdNegative CC
52_Att1PositiveCC

Name: [51_att1 Megativec | LastModified: |

Description: |F'r0ducti0n force initially leaning toward HM weighted color change for respective decrease in attribute 1

Comm Possession r Side Property r Attribtes r Attribute Changes |/ Resources r Triggers |
Terrain Preference |/ Weapon Possession |/ Engagement Desire r Sensol
Position Property r Other Properties |/ Speed Property |/ Moven

[ ] Use Previous Behavior

Tricger Mame Friority | Active Edit Tringer Bvent Value| Trigoer Bvent Talerance |Alternate Behavior|Order B
Ahsolute Time Step 1 | Edit 1] i]
Relative Time Step 1 Edit 1 il IMITIAL
Figure 17. Restricting color splashes to a single time step

(from Pythagoras 2.0.0 Version 19).
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Figure 18.

are implemented throughout the simulation.
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“Initial” (from Pythagoras 2.0.0 Version 19).

Resetting tripped attributes to prevent infinite triggering upon return to

This methodology works well to ensure accurate weighted color splashes

influence transfer discussed in III.D.1.d. By resetting the tripped attributes, the true
attribute values are not properly tracked. Therefore, percent relative issue differentials
passed using the attribute changers, between all networked agents with at least one
common issue within their hierarchical issue structures, are not accurate. As well, the
requirement for priority entries further degrades attitude representation by inducing two
related errors: trigger train and priority lag color losses. Priority lag color loss refers to a

phenomenon that enables higher priority triggers to dominate the trigger set and prevent
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any effective influence performed on lower priority attributes to be properly registered
with accurate color splashes. Trigger train color losses result from our continual returns
to the “Initial” state, which is necessary since embedded triggers are impractical. In
Figure 15, we see that the color triggers are set as the highest priorities. This is the case
for all trigger sets. This is to ensure that current attitude representations are always
updated prior to registering new attitudinal shifts from experienced influences. However,
the further an agent’s attitude shifts from “Initial” during the simulation, the greater the
number of color triggers that must be tripped prior to any new influence being registered.
Priority lag and trigger trains are correlated and discussed in great detail in Chapter IV,

along with the corrupted attitude representations due to attribute resets.
f. Relationship Implementation

We presented the methodologies developed for network transitions,
network participation levels, network influence exchange, and the triggers sets that nearly
make these methodology mappings possible. As discussed in II.C.2.a,
intra-subpopulation and inter-subpopulation influence occur on a daily basis. Each time
step within our model represents one day, capturing the idea of daily influences between
networked agents. Next, we describe our attempts to capture intra-subpopulation and
inter-subpopulation relationships as described in II.C.2.a. Lastly, we also present our

attempts concerning implementation of subpopulation leadership characteristics.
g. Intra-subpopulation

Agents within each network exchange influence according to the
methodologies presented in III.D.1.c and II1.D.1.d. The construction methodology for the
S1 Fam and S2 Fam networks inherently captures intra-subpopulation relationships.
The effectiveness settings per network are dependent on the attitude differentials between
agents and the network majority mean attitudinal stances; this includes the family
networks for S1 and S2. Therefore, the further agents depart from their respective family
majority mean attitudinal stances, the weaker their relationship with family members and,

thus, the lesser the amount of family influence transfer possible. Even though the
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departed agents hierarchical issue structure possesses the same issues as other members

of the subpopulation, the relationship is weak and influence transfer is not very likely.

The magnitudes within the attached attribute changers for the family
networks also play a role in intra-subpopulation influence conditions. The higher the
percentage input for the respective subpopulation attribute changer, the more the family
members influence each other per time step. From Table 5 in IIL.D.1.b, we list
“SocialNetwork” as the attached attribute changers for S1 and S2. The attached attribute
changers for S1 and S2 could be completely different in order to capture different

intra-subpopulation influence capabilities if desired.
h. Inter-subpopulation

Inter-subpopulation relationships occur because agents are always active
in at least two networks. Agents never leave their family network completely, and are
also active participants in at least one of the other nonfamily networks. Each of the
nonfamily networks is composed of agents independent of subpopulation origin, making
inter-subpopulation relationships possible. We would also like to point out a benefit of
this two network minimum besides allowing for inter-subpopulation relationships and
subsequent influence transfer. If agents from the same subpopulation are influenced to an
attitudinal state that is extremely different from their family majority mean attitudinal
stance, their relationships with their family are greatly weakened, as desired. However,
their abilities to influence each other over the family network are also greatly reduced,
which may not be desired because even though they differ from the majority of their
family, they may agree with each other concerning HN. This is compensated for via the
nonfamily network participation because they are able to properly influence one another
over the nonfamily network. Also, these nonfamily links provide agents with at least one
common issue within their hierarchical issue structures—the ability to influence each
other. Thus, we are able to capture the idea that even though agents do not possess
perfectly aligned hierarchical issue structures, their relationship strength allows them to

influence one another nonetheless.
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I. Leadership

As discussed in III.B.2.c, there is no control in Pythagoras allowing
variation of vulnerability settings depending on the relationship between the shooter and
target. Hence, it comes as no surprise that although there are leadership settings in

Pythagoras, there is no link between these leadership settings and attribute vulnerabilities.

A link between leadership and attribute vulnerability would be a smart
manner in which to enable direct representation of respect. We have discussed the
current methodology for influence exchange between agents. A beneficial addition
would be to increase the amount of influence transfer when networked agents also
possess a large leadership setting differential. Higher leadership settings could represent
respected individuals within the civilian populace, while lower leadership settings could
represent average members of the civilian populace. Therefore, large differentials would
result in a pseudo increasing or decreasing of the targeted agent’s attribute vulnerability
settings, depending on the sign of the differential. The attribute vulnerability settings
would not actually be changed, only used as a reference for which the temporary attribute
vulnerability setting would be derived. For example, if a respected leader within the
community is networked with an average civilian, the leadership differential would be
positively large. When the leader influences the average civilian, the temporary attribute
vulnerability value used to determine the actual amount of influence transfer would be
higher than the listed baseline attribute vulnerability setting. The amount of increase

would be a percentage increase based on the leadership differential.

In the absence of this capability, we captured some leadership
representation without using the leadership settings. We built individual agents acting as
subpopulation leaders.  These leader agents, SlLeader and S2Leader, possess
communication devices with more powerful attribute changers than the rest of the civilian
populace. These attribute changers provide them the capability to introduce more
influence into their respective family networks; a workaround method for representing
respect. The influence injected by S1Leader and S2Leader is one way with no feedback

gathered from their respective members. Leader communication devices are “Talk” only,
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while the respective family network communication devices, S1 Fam and S2 Fam, are

set to “Listen” only with respect to the leadership channels used.

The methodology implementation for capturing leadership is provided in
Figures 19-20. Figure 19 shows that S1 members experience influence exchange over
channel 3, but receive influence only, over channel 7. Figure 20 illustrates the S1Leader
network. The S1 leader injects influence on SI members over channel 7 via the
“SocialNetwork Leader” attribute changer. This attribute changer passes 4% relative
issue differentials, vice the 1% used for the “SocialNetwork™ attribute changer. One
thing to keep in mind when utilizing this methodology is that agents designated as leaders
will remain leaders regardless of their attitudinal stances. In other words, even though an
agent begins as a leader within the soldiering ranks, if influenced to a point of adopting

the insurgency, then this agent will be a leader within the insurgency.
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Figure 19. S1 family network construction for receiving leadership influence
(from Pythagoras 2.0.0 Version 19).
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Figure 20. S1 leadership network for injecting influence to all S1 members
(from Pythagoras 2.0.0 Version 19).

2. Limitations

One limitation to discuss is the application of proper weighted color splashes on
agents. As discussed in III.D.1.e, we utilize the “All Is Well” color change functionality
within the “Side Property” tab of the “Alternate Behavior” page to implement
appropriately weighted color splashes. This methodology comes with two associated
limitations. First, as shown in Figure 17, because we must choose a specific alternate
behavior to send each agent to after the splashes, even if exponential trigger trees were
deemed practical by another user, this methodology makes them impossible. Second,
when using the “All Is Well” color change functionality shown in Figure 16, it only
performs its function if all other side changes above it are not satisfied. Hence, as we
discuss in III.E.1.d, this restricts our capability to implement a characteristic of the
economic model of insurrection. Therefore, the fact that there is no simple method for an

agent to self-color is a limitation within Pythagoras.

The next problem area encountered stemmed from attempting to build embedded

trigger sets. Embedded trigger implementations resulting in exponential trigger trees is
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not the primary concern. The important insight to be gleaned is uncovered by asking why
we attempted to build embedded trigger sets in the first place. We were attempting to
link attribute change to color change. The fact that there is no direct link between
attributes and color is a major limitation within Pythagoras that caused several problems
and required workarounds for our modeling methodology research efforts. We believe
the utilization of trigger sets is the only method in Pythagoras capable of making this
link; however, several attitudinal representation errors result from the trigger set
methodology. These errors emerge in the forms of priority lag color loss, trigger train

color loss, and inaccurate social network influence transfer.
3. Recommendations

Our recommendations for addressing the limitations encountered during the social
network methodology research are more easily understood following the presentation of
Chapter IV. Chapter IV provides great detail on priority lag color loss, trigger train color
loss, and the inaccurate social network influence exchange errors resulting from the
current requirements within Pythagoras for implementing the trigger set methodology.
Hence, the recommendations we offer concerning the social network limitations are

provided in IV.D.

E. ECONOMIC INSURRECTION MODEL MAPPINGS INTO THE
PYTHAGORAS MODELING ENVIRONMENT

In accordance with the economic insurrection model synopsis in II.C.3.a, the
resultant mappings to capture its essence are provided. We constructed three abstract
feature properties within Pythagoras to spatially represent the three economic sectors of
the economy: insurgent sector, production force sector, and soldiering sector. Within
each economic sector, agents receive wages, pay taxes, and move to the appropriate
economic sector that correlates to their respective attitudinal stances. We discuss the
methodologies for these implementations first. Then we discuss limitations contributing
to our inability to capture HN action adjustments based on feedback and agent risk level

adjustments based on their perceived probability of the insurrection being successful.
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Once again, take note of the blue highlights and red highlighted cutouts within each

figure provided, as they aid in understanding of the presented modeling methodologies.

1. Mappings

a. Wages

All subpopulations that value economic security contain an economic
security issue within their hierarchical issue structures. Payments for agents participating
in each of the three economic sectors are implemented via economic security agents
armed with indirect fire weapons possessing attached attribute changers that target the
economic security attribute. Figures 21-22 illustrate payment implementation for agents
actively participating in the production force. The Production Force Economic Security
Center/Left/Right (PF_ES Center/Left/Right) agents in Figure 21 possess a Production
Force Economic Security (PF_ES) weapon used to represent paychecks being distributed
to the production force. Figure 22 shows the fire rate for the PF_ES weapon as well as
the attached PF_ES attribute changer settings. As shown, the production force workers
are paid 15-25 economic security units every 30 days. We utilize three PF_ES agents in
efforts to maximize successful payments to production force members by ensuring
payments are provided over the majority of the production force economic sector. This
reasoning will become more apparent in III.LF. The insurgent and soldiering economic
sectors also utilize three agents to distribute payments to their respective active
participants. The agents are named [ ES Center/Left/Right and
S ES Center/Left/Right. The implementation methodology remains the same for each

set of economic security providers.
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Figure 21. Economic security agents weapon for providing wages to active participants
in the production force (from Pythagoras 2.0.0 Version 19).
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Figure 22. Production force payment rate and magnitude
(from Pythagoras 2.0.0 Version 19).
b. Taxes

The production force and soldiering economic sectors suffer taxes, while
the insurgency sector does not. To capture taxes, we attached attribute changers to
production force and soldiering economic sectors, as shown in Figure 23. Control over

attribute changers attached to terrain pieces is somewhat limited. As seen in Figure 23,
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time periods for length of activation must be entered. Hence, for our scenario, with each
time step representing one day, the taxes for the production force workers and soldiering
forces are taken out daily for one year. The attribute changer is not attached to a weapon
and, therefore, does not have an associated fire rate. Hence, the attribute changer takes
designed action every time step from start time to end time. There is currently no
functionality in Pythagoras allowing fire rate manipulation for these particular

attribute changers.
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Figure 23. Tax rate implementation for the three sectors of the economy
(from Pythagoras 2.0.0 Version 19).

C. Movement

The capability to instantiate agent movement towards designated pieces of
terrain is extremely limited in Pythagoras. There are settings per agent that allow inputs
for “Prefer Good Terrain If” and “Avoid Bad Terrain If,” but agents only evaluate terrain
within one pixel of their position for these conditions. These settings are more useful in
preventing agents from getting stuck in place within a heavily urban type scenario. For

our economic movement desires, these settings were not helpful.
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Implementing agent movement between the three economic sectors proved
to be an extremely difficult task. In order to allow agents to move to the economic sector
that correlated to their attitudinal stances, we needed to construct 34 movement agents
with specific leadership settings within the “Other Properties” tab, as well as 18 extra
sidedness configurations. Next, we needed to ensure that the “Toward The Leader If
Farther Than” movement desire was instantiated for all possible alternate behaviors for
each subpopulation. The distance input for this movement desire was based on the sizes
of the three economic sector feature properties. Each economic sector is 1,200 x 400
pixels in size for our scenario. Thus, we placed the movement agents in the centers of the
economic sectors and set the movement desires to: “Toward The Leader If Farther Than”
150 pixels. This methodology ensures every agent within the scenario, regardless of
attitudinal stance, will always see one movement agent as their leader. Thus, they will
move to within 150 pixels of this movement agent, and ultimately be within the proper

economic sector, receiving proper wages, and paying the appropriate taxes.
d. Probability of Successful Insurrection

We did not capture this aspect of the economic insurrection model. Thus,
HN does not obtain feedback concerning their effectiveness and adjust accordingly, nor

does the civilian populace sense the strength of the insurgency and adjust risk levels.

Due to the manner in which we splash agents with weighted color
changes, as discussed in IIl.D.l.e and Figure 16, we are unable to utilize the
“Out Numbered By Ratio” or “Out Numbering By Ratio” side changes. These side
change settings are designed to adjust affiliation based on the ratio of friends to enemy
and vice versa. As well, they possess tolerance settings that would allow the idea of
perception to also be implemented. Hence, these settings could be utilized to make
adjustments to agent risk levels depending on their perceived probability of a successful
insurrection. However, we were unable to utilize this added functionality. Essentially,
we had to choose which characteristic was more important and, as we have discussed, the

attribute change to color conversion is the backbone of our modeling methodology.
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Hence, it trumps all other desired characteristics, including the perceived probability of a

successful insurrection for the civilian populace to use for adjusted risk levels.

Concerning HN actor agents and PF_ES and S ES agents, there are no
trigger options that allow these agents to adjust actions based on feedback. Feedback
refers to the capability to utilize information on the number of civilians participating in
the insurgency and adjusting global actions, production force and soldiering wages, taxes,
etc. These actor agents can utilize the “Out Numbering By Ratio” and “Out Numbered
By Ratio” side change functions, but there is no option to enter an alternate behavior
based on the results, which is necessary in order to enter the desired action adjustments.
Hence, even though we could utilize the side change functions for actor agents, they are

not useful for our feedback implementation desires.
2. Limitations

The first limitation encountered with respect to our economic insurrection model
modeling efforts consisted of limited control over attribute changers attached to terrain.
These specific attribute changers must take action on every time step, regardless of time

step definition.

On a larger scale, the next limitation encountered involved lack of movement
capability with respect to terrain. It is extremely difficult to steer agents to terrain pieces
that are designed to match their attitudinal stances. The methodology we devised
requires extra agents, alternate behaviors, movement desires, and leadership settings,
even though our scenario contained only three terrain pieces. As well, this methodology

results in a bit of economic sector shift scripting.

The next limitation stems from the inability of agents to self-color. This
deficiency forces us to utilize the “All Is Well” side change property, which in turn,
eliminates our ability to represent varying risk levels based on perception of a successful
insurrection with the “Out Numbered By Ratio” and “Out Numbering By Ratio” side

change properties.
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Lastly, no options exist in either the side change property tab or the agent triggers
tab that allow entry into an alternate behavior due to ratios of friends versus enemies.
This prevents the implementation of feedback, which would allow actor agents to adjust

actions based on the collective attitudinal stance of the civilian populace.
3. Recommendations

The terrain attribute changer limitation is easily circumvented by making
mathematical adjustments to the attribute changer magnitudes in order to properly
represent the desired tax rate. However, with the input values restricted to integer only,
the smaller the time period represented per time step, the greater the chance that accurate
tax rate representation cannot be achieved. Hence, the ability to manipulate the terrain

attribute changer fire rate would prove beneficial for a wider range of time step options.

Agent movement options towards pieces of terrain would be extremely beneficial
for our modeling efforts and greatly reduce unnecessary complexity and scripting. One
recommendation is the addition of the ability to assign identification numbers to
user-built terrain pieces. Then, within the movement desires tab, also add an option for

2

“Move into terrain piece: input identification number.” This would create the ability to

move agents to pieces of terrain based on their attitudinal stances. Once the agents move
to their proper terrain piece, then they can be contained within it using the already
established functionality of the “Prefer Good Terrain If” and “Avoid Bad Terrain
If” settings.

It is imperative to develop a method for agents to self-color. With this capability
addition, two limitations are removed. First, the option to utilize embedded trigger trees
is revived if a user deems them practical for their modeling efforts. Second, the
requirement to use the “All Is Well” side change property is lifted, allowing the use of the
“Out Numbered By Ratio” and “Out Numbering By Ratio” side change properties. This
would provide added capability to adjust agent risk levels based on perceived probability

of success of an insurrection.

The ability to trigger agents into alternate behaviors from the side change property

listings would enable implementation of feedback for actor agents. However, this may
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cause complications by allowing agents to enter alternate behaviors from too many places
within Pythagoras. Moving the side property change listings into the trigger page would
consolidate possible alternate behavior entry options and increase the capability currently
offered by the side property change listings. This consolidation would increase

Pythagoras HBR capabilities, while simultaneously simplifying user requirements.

Lastly, we would like to briefly comment on the “Resources” functionality within
Pythagoras. We first attempted to implement the economic insurrection model solely
with resources vice treating economic security as an issue within the hierarchical issue
structures. The potential to capture more economic characteristics exits within the
resource functionalities: average agent savings, wage rates, average spending rates, risk
levels, and actor budget representations. Figure 24 illustrates these potential resource
functionalities within Pythagoras. However, sidedness complications, inflexibility with
resource movement desires, and the necessity to separately link resource changes to color

change as well, caused this methodology to be abandoned.
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