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ABSTRACT

This study explores the role of altruism in shaping wealth distribution within simulated economic environments,
challenging prevailing assumptions in mainstream economic theory. Motivated by my experiences as an
underpaid public defense attorney in Oregon, I sought to examine whether altruistic behaviors—particularly
those that sacrifice self-interest—could have measurable impacts on economic inequality. Using a custom
simulation model, we tested the effects of three types of altruism (FAKE, SEMI, and PURE) under various
environmental conditions: Extreme Abundance, Normal, Scarcity, and Extreme Scarcity. Contrary to my initial
hypothesis that greater altruism would exacerbate wealth disparity, the results show that environments with
higher proportions of altruistic behaviors, particularly PURE altruism, lead to more equitable wealth distribution,
even under conditions of scarcity. These findings suggest that altruism may play an underappreciated role in
mitigating wealth inequality, highlighting a potential gap in traditional economic models that often dismiss
altruistic behavior as economically unsustainable. The results encourage further research into the real-world
impact of altruism in economic systems, and they raise important questions about the overlooked cultural and
biological dimensions of inclusive fitness, altruism in professions like law, and the broader role of social
cooperation in wealth creation.

I. INTRODUCTION

In my research, I was inspired to investigate the effects of altruism within economic systems, drawing
on my experience as a public defense attorney during a severe public defense shortage in Oregon. This
personal background has fueled my interest in understanding how altruism, defined as acting against
one's own economic interests, plays a role in economic outcomes. As someone working under constant
financial strain, the connection between altruistic behavior and economic impact became a compelling
subject of exploration.

The U.S. public defense system is under immense strain due to a shortage of attorneys and
overwhelming caseloads, which exacerbates inequality in access to justice, particularly for
marginalized populations. My work in this environment reflects the sacrifices made by those who
continue to practice public defense despite lower pay and high emotional and physical demands. The
idea of altruism in lawyering, especially the willingness to sacrifice financial gain for the public good,
resonates with the economic model of altruism explored in "Is Altruism Possible in Lawyering?”! This
study emphasized how public defense attorneys often prioritize the well-being of their clients over their
own financial security, a decision that mirrors the broader economic concept of altruism.

Inspired by these dynamics, I set out to examine how altruism, under varying conditions, might impact
wealth distribution. I began this research with the hypothesis that environments rich in altruistic
behavior could lead to increased wealth disparity. This hypothesis stemmed from traditional economic
models that emphasize individual utility maximization and profit-seeking behaviors, as well as the
notion that altruism could be unsustainable because it might concentrate wealth among non-altruistic

1 Carrie Menkel-Meadow, “Is Altruism Possible in Lawyering,” Ga. St. UL Rev. 8 (1992): 385.
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individuals. These models are exemplified in works like "Toward a Theory of Property Rights", which
argues that property rights and economic systems traditionally focus on individuals maximizing their
benefits.?

However, after conducting simulations and running experiments, the results indicated that altruism
might, in fact, have the opposite effect, contributing to more equitable wealth distribution in certain
environments (even when altruism represents a small minority of actors). These new findings challenge
the initial hypothesis, shedding light on altruism's underestimated role in economics. The uncertainty in
these outcomes is reminiscent of concepts outlined in "Uncertainty, Evolution, and Economic Theory",
where economic behaviors are explained as adaptive mechanisms in uncertain environments.® In this
case, altruism emerges as a vital component of economic adaptation, one that may not fit neatly into the
classical framework of profit maximization but is still crucial for achieving positive outcomes in the
face of uncertainty.

Through this research, I argue that altruism's role in economic behavior has been vastly underexplored,
particularly in mainstream economic science. While theories such as the tragedy of the commons
emphasize the destructive consequences of overusing shared resources, they often fail to account for
the mitigating effects of altruistic behaviors, which can lead to cooperative solutions.* By
experimenting with different proportions of altruism, this study contributes to a growing body of
research that challenges the idea that self-interest alone drives successful economic systems. As seen in
historical cases of extreme altruism, such as the actions of kamikaze pilots during World War II,
altruism can lead to profound societal impacts, and its economic significance should not be
underestimated.> °

To better understand these effects, further experimental data collection in real-world settings is needed.
This will allow researchers to measure the long-term impacts of altruism on wealth distribution and
inequality more comprehensively. This study's findings open new avenues for research, suggesting that
altruism might be not just a philosophical ideal but a powerful economic force capable of reshaping
systems that have long been assumed to rely solely on self-interest.

II. METHODS

The Altruism Model and Payout Matrix

In our study, we modeled altruism through a set of three distinct behavioral categories: PURE, SEMI,
and FAKE altruism. Each of these categories reflects a different level of self-interest versus sacrifice in
economic exchanges, and their impact on wealth distribution is dictated by the payout matrix we
developed.

2 Chennat Gopalakrishnan, ed., Classic Papers in Natural Resource Economics (London: Palgrave Macmillan UK,
2000), https://doi.org/10.1057/9780230523210.

3 Armen A. Alchian, “Uncertainty, Evolution, and Economic Theory,” Journal of Political Economy 58, no. 3 (June
1950): 211-21, https://doi.org/10.1086/256940.

4 Alchian.

5 John Orbell and Tomonori Morikawa, “An Evolutionary Account of Suicide Attacks: The Kamikaze Case,” Political
Psychology 32, no. 2 (April 2011): 297-322, https://doi.org/10.1111/j.1467-9221.2010.00808.x.

6 Hector N. Qirko, “ALTRUISM IN SUICIDE TERROR ORGANIZATIONS,” Zygon® 44, no. 2 (June 2009): 289-322,
https://doi.org/10.1111/j.1467-9744.2009.01001.x.
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1. PURE Altruism represents genuine sacrifice without any expectation of return. In this model,
PURE altruists consistently give away wealth without benefiting themselves. These participants
reduce their own wealth to benefit their partner, regardless of the partner’s behavior. This could
represent extreme altruistic actions, such as donating resources even when it harms the donor’s
own economic standing.

2. SEMI Altruism reflects a conditional form of altruism where individuals are willing to
sacrifice some of their wealth, but only if their partner also reciprocates in some way. It
represents a middle ground between PURE altruism and typical economic transactions. SEMI
altruists may give away wealth but expect a modest return in exchange for their actions, leading
to less extreme sacrifice than PURE altruism.

3. FAKE Altruism is not altruism in the traditional sense but serves as a stand-in for normal
economic transactions where both parties expect mutual enrichment. In FAKE altruism,
participants engage in exchanges that benefit both parties, mimicking transactions in which self-
interest drives wealth accumulation. FAKE altruism therefore operates more like typical
economic exchanges, where participants maximize mutual gain without any net sacrifice.

Payout Matrix

The following payout matrix outlines the changes in wealth for a pair of agents based on their altruistic
behaviors during interactions:

Altruism Type 1 Altruism Type 2 Wealth Change for Agent 1 Wealth Change for Agent 2

FAKE FAKE +10 +10
FAKE SEMI -10 +20
FAKE PURE +20 -50
SEMI FAKE +20 -10
SEMI SEMI +50 +50
SEMI PURE -5 -50
PURE FAKE -50 +20
PURE SEMI -50 +5

PURE PURE -50 -50

This matrix shows that PURE altruists always lose wealth in pairings, often significantly, whereas
FAKE altruists tend to benefit from every interaction. The nature of each pairing creates a diverse range
of wealth redistribution, helping us assess the sustainability of altruism over time.

Nash Equilibrium and Expected Outcomes

To analyze the expected outcomes, we considered a scenario where all agents act rationally to
maximize their utility. In our model, however, agents classified as PURE altruists violate the classic
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Nash equilibrium principle because they do not seek to maximize their own wealth but instead
prioritize the benefit of others.

Under a traditional Nash equilibrium, FAKE altruists would dominate the system because they always
expect a positive return from interactions. PURE and SEMI altruists would gradually lose wealth,
pushing the system toward increasing disparity, as the wealth of PURE altruists erodes while FAKE
altruists accumulate wealth. This assumption aligns with classical economic theory, where altruism is
considered unsustainable.

Mathematically, given the payout matrix, the Nash equilibrium would favor a strategy where agents act
as FAKE altruists in all interactions to ensure consistent positive wealth accumulation. However, our
simulation results, as outlined in the Discussion section, challenge this expectation by showing that
wealth distribution remained relatively balanced, even in environments with high levels of PURE and
SEMI altruism.

Environmental Scenarios and Altruism Proportions

In our experiment, we tested four different environmental scenarios representing varying levels of
resource availability and economic prosperity. Each environment had a distinct set of proportions for
FAKE, SEMI, and PURE altruism, as determined by a random number generation process in our
COBOL simulation model. The probabilities were as follows:

* Extreme Abundance (Environment 1):
o FAKE: 70%
o SEMI: 20%
o PURE: 10%
* Normal Abundance (Environment 2):
o FAKE: 60%
o SEMI: 20%
o PURE: 20%
* Scarcity (Environment 3):
o FAKE: 70%
o SEMI: 20%
o PURE: 10%
* Extreme Scarcity (Environment 4):
o FAKE: 60%
o SEMI: 10%
o PURE: 30%

Note that Environment 1 and 3, being identical in our program, are reported in the results as just
Environment 1.

These proportions were selected to reflect traditional economic assumptions, where FAKE altruism—
self-interest—dominates in most environments. However, the unexpectedly large significance of even
minor amounts of PURE altruism in all environments, including Extreme Scarcity, suggests that
altruistic behavior may play a more significant role in economic systems than previously thought. The
proportions also reflect the assumption that in extreme scarcity, such as during the waning days of
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World War 1II in Japan, PURE altruism modestly increases as people become more generous when they
have nothing else to lose.

In summary, the methods we employed, including the payout matrix and the assignment of altruism
types based on environmental scenarios, were designed to test the long-term sustainability of altruism
in different economic conditions. The COBOL simulation (source code provided at the end of this
article) provided a dynamic framework for understanding how varying levels of altruism impact wealth
distribution, challenging the assumption that altruism leads to unsustainable economic outcomes. By
stacking the deck against PURE altruism, we aimed to explore whether the impact of altruism truly
fades away in harsh economic conditions. However, the results of our experiment, as previewed in the
Introduction and explored further in the Results section, cast serious doubt on this assumption.

III. RESULTS

To predict how altruism manifests in real-world economic interactions, we model three types of
altruistic behavior: fake altruism, semi-altruism, and pure altruism. We use a payoff matrix to represent
the outcomes of various interactions between individuals exhibiting these behaviors, and we analyze
the resulting Nash Equilibria.

* Extreme Abundance: In this environment, wealth disparity seems to increase steadily over time.
The wealth of the top agents accelerates sharply, indicating a tendency for the wealthy to
accumulate significantly more over time. Agents with less wealth experience much slower
growth, creating a notable divergence in wealth distribution. (Figures 1, 2, 3, 4, & 5).

* Normal Abundance: In the Normal environment, the distribution of wealth remains relatively
more balanced, though it still exhibits some divergence over time. Wealthier agents accumulate
more, but not to the same extreme as in the Abundance model. The middle-tier agents
experience moderate wealth growth, while the lowest-tier agents' growth stagnates. (Figures 6,
7,8,9 & 10).

* Extreme Scarcity: Interestingly, in the Extreme Scarcity environment, wealth inequality appears
less pronounced compared to Extreme Abundance. While wealthier agents still grow faster, the
overall distribution is more compact. (Figures 11, 12, 13, 14, & 15).

Observations

*  Wealth Growth: In all environments, the agents at the higher end of the distribution (those who
became wealthy early) tend to pull further ahead over time, especially in Extreme Abundance.

*  Wealth Concentration: Extreme Abundance shows the most significant concentration of wealth
among the top agents.

* Role of Altruism: The initial hypothesis that PURE altruism would exacerbate wealth inequality
does not hold based on the data. Instead, altruism, particularly PURE altruism, in Extreme
Scarcity may mitigate the effects of wealth disparity.

The data sets, when averaged, show significant trends that we will explore further in the analysis
section. These observations challenge prevailing economic assumptions about altruism's role in
increasing inequality.
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Figure 1: Extreme Abundance Round 1
w/10,000 transactions

X = step number y = wealth units

Every line represents a unique economic agent (i.e.: individual person or group in
our model economy). The step number which is sampled approximately every 500
steps (i.e. discrete transactions). For technical reasons, the sampling is spaced
only approximately every 500 steps (not exactly 500 steps) because the volume
of text between two data points varied due to the way the program reported the
data based on the pairings of each agent.

Figure 2: Extreme Abundance Round 2
w/10,000 transactions

x = step number y = wealth units

Every line represents a unique economic agent (i.e.: individual person or group in
our model economy). The step number which is sampled approximately every 500
steps (i.e. discrete transactions). For technical reasons, the sampling is spaced
only approximately every 500 steps (not exactly 500 steps) because the volume
of text between two data points varied due to the way the program reported the
data based on the pairings of each agent.

Figure 3: Extreme Abundance Round 3
w/10,000 transactions

X = step number y = wealth units

Every line represents a unique economic agent (i.e.: individual person or group in
our model economy). The step number which is sampled approximately every 500
steps (i.e. discrete transactions). For technical reasons, the sampling is spaced
only approximately every 500 steps (not exactly 500 steps) because the volume
of text between two data points varied due to the way the program reported the
data based on the pairings of each agent.

Figure 4: Extreme Abundance Round 4
w/10,000 transactions

x = step number y = wealth units

Every line represents a unique economic agent (i.e.: individual person or group in
our model economy). The step number which is sampled approximately every 500
steps (i.e. discrete transactions). For technical reasons, the sampling is spaced
only approximately every 500 steps (not exactly 500 steps) because the volume
of text between two data points varied due to the way the program reported the
data based on the pairings of each agent.

Figure 5: Extreme Abundance Round 5
w/10,000 transactions

x = step number y = wealth units

Every line represents a unique economic agent (i.e.: individual person or group in
our model economy). The step number which is sampled approximately every 500
steps (i.e. discrete transactions). For technical reasons, the sampling is spaced
only approximately every 500 steps (not exactly 500 steps) because the volume
of text between two data points varied due to the way the program reported the
data based on the pairings of each agent.

Figure 6: Normal Abundance Round 1
w/10,000 transactions

x = step number y = wealth units

Every line represents a unique economic agent (i.e.: individual person or group in
our model economy). The step number which is sampled approximately every 500
steps (i.e. discrete transactions). For technical reasons, the sampling is spaced
only approximately every 500 steps (not exactly 500 steps) because the volume
of text between two data points varied due to the way the program reported the
data based on the pairings of each agent.

Figures continue on following page —
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Figure 7: Normal Abundance Round 2
w/10,000 transactions

x = step number y = wealth units

Every line represents a unique economic agent (i.e.: individual person or group in
our model economy). The step number which is sampled approximately every 500
steps (i.e. discrete transactions). For technical reasons, the sampling is spaced
only approximately every 500 steps (not exactly 500 steps) because the volume
of text between two data points varied due to the way the program reported the
data based on the pairings of each agent.

Figure 8: Normal Abundance Round 3
w/10,000 transactions

x = step number y = wealth units

Every line represents a unique economic agent (i.e.: individual person or group in
our model economy). The step number which is sampled approximately every 500

steps (i.e. discrete transactions). For technical reasons, the sampling is spaced
only approximately every 500 steps (not exactly 500 steps) because the volume
of text between two data points varied due to the way the program reported the
data based on the pairings of each agent.

Figure 9: Normal Abundance Round 4
w/10,000 transactions

X = step number y = wealth units

Every line represents a unique economic agent (i.e.: individual person or group in
our model economy). The step number which is sampled approximately every 500
steps (i.e. discrete transactions). For technical reasons, the sampling is spaced
only approximately every 500 steps (not exactly 500 steps) because the volume
of text between two data points varied due to the way the program reported the
data based on the pairings of each agent.

Figure 10: Normal Abundance Round 5
w/10,000 transactions

X = step number y = wealth units

Every line represents a unique economic agent (i.e.: individual person or group in
our model economy). The step number which is sampled approximately every 500
steps (i.e. discrete transactions). For technical reasons, the sampling is spaced
only approximately every 500 steps (not exactly 500 steps) because the volume
of text between two data points varied due to the way the program reported the
data based on the pairings of each agent.

Figure 11: Extreme Scarcity Round 1
w/10,000 transactions

x = step number y = wealth units

Every line represents a unique economic agent (i.e.: individual person or group in
our model economy). The step number which is sampled approximately every 500
steps (i.e. discrete transactions). For technical reasons, the sampling is spaced
only approximately every 500 steps (not exactly 500 steps) because the volume
of text between two data points varied due to the way the program reported the
data based on the pairings of each agent.

Figure 12: Extreme Scarcity Round 2
w/10,000 transactions

x = step number y = wealth units

Every line represents a unique economic agent (i.e.: individual person or group in
our model economy). The step number which is sampled approximately every 500

steps (i.e. discrete transactions). For technical reasons, the sampling is spaced
only approximately every 500 steps (not exactly 500 steps) because the volume
of text between two data points varied due to the way the program reported the
data based on the pairings of each agent.

Figures continue on following page —
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Figure 13: Extreme Scarcity Round 3
w/10,000 transactions

x = step number y = wealth units

Every line represents a unique economic agent (i.e.: individual person or group in
our model economy). The step number which is sampled approximately every 500
steps (i.e. discrete transactions). For technical reasons, the sampling is spaced
only approximately every 500 steps (not exactly 500 steps) because the volume
of text between two data points varied due to the way the program reported the
data based on the pairings of each agent.

Figure 14: Extreme Scarcity Round 4
w/10,000 transactions

x =step number y = wealth units

Every line represents a unique economic agent (i.e.: individual person or group in
our model economy). The step number which is sampled approximately every 500
steps (i.e. discrete transactions). For technical reasons, the sampling is spaced
only approximately every 500 steps (not exactly 500 steps) because the volume
of text between two data points varied due to the way the program reported the
data based on the pairings of each agent.

Figure 15: Extreme Scarcity Round 5
w/10,000 transactions

x = step number y = wealth units

Every line represents a unique economic agent (i.e.: individual person or group in
our model economy). The step number which is sampled approximately every 500
steps (i.e. discrete transactions). For technical reasons, the sampling is spaced
only approximately every 500 steps (not exactly 500 steps) because the volume
of text between two data points varied due to the way the program reported the
data based on the pairings of each agent.

IV. ANALYSIS

Our experiment sought to investigate how varying proportions of altruistic behavior—FAKE, SEMI,
and PURE—affect wealth distribution across different environmental settings. The environments,
representing Extreme Abundance, Normal, and Extreme Scarcity, correspond to different levels of
resource availability and influenced the types of altruism participants exhibited. The proportions of
these altruistic behaviors were controlled by the environment, as seen in our simulation model.
Through our simulation, we measured wealth disparity using metrics such as the Gini coefficient,
standard deviation, and the coefficient of variation (CV) at multiple intervals over 10,000 steps.

Wealth Variance by Environment:

The wealth variance analysis provides critical insight into how different environments foster wealth

inequality:
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1. Extreme Abundance: Average Gini Coefficient: 0.1 — 0.038; Wealth Variance: 321.7 million;
Coefficient of Variation (CV): 0.2 - 0.076. In the Extreme Abundance environment, wealth
inequality initially started high, with the Gini coefficient around 0.1 but decreased to 0.038 over
time. Despite this reduction in inequality, wealth variance was the highest at 321.7 million,
suggesting that the wealthiest agents accumulated significantly more wealth than others. FAKE
altruism, which mimics standard economic transactions, dominated, leading to a substantial
accumulation of wealth by those already advantaged. The wealth disparity persisted despite a
decline in the Gini coefficient, pointing to significant overall differences in wealth accumulation
rates.

2. Normal Abundance: Average Gini Coefficient: 0.04 — 0.05; Wealth Variance: 97.2 million;
Coefficient of Variation (CV): 0.08 — 0.1. In the Normal environment, wealth distribution
remained fairly stable over time. The Gini coefficient showed slight fluctuations, from 0.04 to
0.05, indicating consistent, moderate levels of wealth inequality. The wealth variance was lower
than in Extreme Abundance, at 97.2 million, and the coefficient of variation increased slightly,
suggesting that while some agents continued to gain more wealth than others, the disparity was
not as pronounced. The balance between FAKE, SEMI, and PURE altruism in this environment
helped stabilize wealth distribution to a degree.

3. Extreme Scarcity: Average Gini Coefficient: 0.038 — 0.018; Wealth Variance: 96.5 million;
Coefficient of Variation (CV): 0.076 — 0.03. Extreme Scarcity, contrary to our hypothesis,
produced the lowest levels of wealth disparity. The Gini coefficient started at 0.038 and dropped
to a low of 0.018 over time, indicating a significant reduction in inequality. The wealth variance
was also the lowest, at 96.5 million, similar to that in the Normal environment. The coefficient
of variation dropped sharply from 0.076 to 0.03, showing that wealth became more evenly
distributed among agents in this environment. PURE altruism was most common in this setting,
helping to redistribute wealth more equally, even though the overall wealth levels were lower
due to scarcity.

Further Observations

* Extreme Abundance exhibited the highest wealth inequality, with significant wealth
accumulation by wealthier agents, driven largely by FAKE altruism. Although the Gini
coefficient decreased over time, the wealth disparity persisted, as reflected in the large variance.

* Normal Abundance presented moderate wealth inequality, with stable Gini coefficients and
wealth variance. This balance of altruistic behaviors led to more consistent wealth distribution.

* Extreme Scarcity, unexpectedly, led to the lowest wealth inequality, though absolute wealth
levels were lower. The drop in Gini coefficient and coefficient of variation highlights how
scarcity can act as an equalizing force when altruistic behavior is prevalent.

These findings challenge traditional economic models, which often dismiss the role of altruism,
particularly PURE altruism, in reducing wealth inequality. Our experiment suggests that altruism, even
under conditions of extreme scarcity, can play a crucial role in equalizing wealth distribution. This has
significant implications for economic theory and policymaking, where altruism could be leveraged to
address wealth disparity in both abundant and scarce environments.
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V. DISCUSSION

Traditional economic science often focuses on rational, self-interested behaviors, with altruism seen as
an outlier that plays a minor role in wealth distribution. Our experiment, however, demonstrates that
environments with a greater presence of altruism—defined as PURE and SEMI in our model—Ilead to
more equitable wealth distribution, contrary to what prevailing models might predict. Even
environments with extreme scarcity, where resources are limited, showed less wealth inequality when
altruism was present. The data from our analysis, particularly the Gini coefficient and variance results,
provide evidence that altruistic behavior can stabilize wealth distribution.

This finding aligns with theories of inclusive fitness in biological science, where individuals act in
ways that benefit others, often at a cost to themselves, to ensure the survival of the larger group or kin.
Studies of altruism in evolutionary biology, such as those cited in " An Evolutionary Account of
Suicide Attacks: The Kamikaze Case" and "Altruism in Suicide Terror Organizations", show that
self-sacrificial behaviors are not necessarily irrational but are part of survival strategies in resource-
scarce environments.” ® Our research indicates that economic models should incorporate this
understanding, as altruism can lead to more equitable resource distribution.

The Legal Profession and Public Defense

My personal background as a public defense attorney in Oregon, where the public defense system is
currently facing a crisis due to chronic underfunding and overwhelming caseloads,’ inspired this study
on altruism. Public defenders often act out of a sense of altruism, representing indigent clients even
when compensation is inadequate. The legal profession thus offers a real-world example of how
altruism operates under conditions of scarcity. Despite financial hardships, public defenders continue to
perform their duties because of a commitment to social justice, akin to what we observed in our
simulations of PURE and SEMI altruism.

This observation draws on research in "Is Altruism Possible in Lawyering?", which argues that
altruistic lawyering is a critical component of ensuring access to justice.'® In the context of the Oregon
public defense crisis, it is clear that lawyers are willing to sacrifice personal economic gain for the
public good." This underscores the need to reconsider the role of altruism not just in theoretical
economic models but in professions where the welfare of others takes precedence over self-interest.

Culture and Economic Behavior

Our study also sheds light on the often-overlooked role of culture in economic behavior. According to
Geert Hofstede's work on national cultures, cultural dimensions such as individualism versus

~

Orbell and Morikawa, “An Evolutionary Account of Suicide Attacks.”

Qirko, “ALTRUISM IN SUICIDE TERROR ORGANIZATIONS.”

9  Molly Pettit, “Understanding the Crisis: The Evolution of Indigent Defense in Oregon,” 2023,
https://pdxscholar.library.pdx.edu/honorstheses/1404/.

10 Menkel-Meadow, “Is Altruism Possible in Lawyering.”

11 Pettit, “Understanding the Crisis.”

(o]
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collectivism can have profound impacts on how organizations and individuals behave economically."
Cultures that value collectivism may promote altruistic behaviors more readily than individualistic
cultures, where personal wealth accumulation is prioritized. Our results suggest that future research
should investigate how cultural factors might promote altruistic behaviors in different contexts.

The Role of the Commons

Finally, our findings relate to Garret Hardin's seminal work, "The Tragedy of the Commons", which
warns of the depletion of shared resources due to individual self-interest." In contrast, our study shows
that altruistic behaviors can help mitigate the "tragedy" by promoting more equitable distribution of
resources. By incorporating altruism into the economic management of common resources, societies
may prevent the depletion of resources and avoid wealth disparity.

VI. CONCLUSION

Our research challenges the notion that altruism plays a negligible role in economic science. Instead,
altruism, particularly PURE and SEMI forms, can significantly impact wealth distribution even when
only a minority of agents participate in altruism, promoting equity even in resource-scarce
environments. This finding suggests a need for further real-world experimentation and incorporation of
altruism into mainstream economic models. Additionally, the study’s implications for the legal
profession and cross-cultural economic behaviors highlight the multifaceted nature of altruism in
human society. Economic models must evolve to recognize the role of altruistic behavior in shaping
equitable wealth distribution, particularly as societies face growing resource challenges.

COBOL Source Code for the Modeling Program after Citations on the following pages.

12 Geert Hofstede, “National Cultures in Four Dimensions: A Research-Based Theory of Cultural Differences among
Nations,” International Studies of Management & Organization 13, no. 1-2 (March 1983): 46-74,
https://doi.org/10.1080/00208825.1983.11656358.

13 Garrett Hardin, “The Tragedy of the Commons: The Population Problem Has No Technical Solution; It Requires a
Fundamental Extension in Morality.,” Science 162, no. 3859 (December 13, 1968): 124348,
https://doi.org/10.1126/science.162.3859.1243.
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SOURCE CODE FOR COBOL PROGRAM

Note: COBOL is an old programing language developed in the 1960s at a time when programs were
punched onto paper cards; the red lines in the code are not glitches but reflect the proper formating of
COBOL syntax, which is a legacy of the punch-card era.

Read the code left to right following the numbered lines, ie:

AU N~
00NN bW

This source code below is distributed according to the GNU GENERAL PUBLIC LICENSE 3.0, the
text of which appears after the source code.

1 B ko 37 "3 = Searcity, 4 = Extreme Scarcity): ".

2 * Author: WESTON KOYAMA 38 ACCEPT| ENVLVL.

3 % Date: SEPTEMBER 15, 2024 39 ACCEPT| WS-DATE FROM DATE.

4 * Purpose: [ECONOMIC SCIENCE RESEARCH 40 ACCEPT| WS-TIME FROM TIME.

5 * Tectonicsl: cobc 41 MOVE WS-DATE TO SEED-VALUE.

6 ke ok ke ek ke kb ok ok ok ok ok ok ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok kK 42 ADD WS-TIME TO SEED-VALUE.

7v [IDENTIFICATION DIVISION. 43

8 PROGRAM-ID[. AltruismGameTheorySim. 44 MOVE 1 TO STPCNT *> Initialize STPCNT to 1.

9 45

10v DATA DIVISION. 46 *> Iniftialize SHUFFLED-INDEX and AGENT-PAIRED arrays to avoid uninitfial
11v WORKING-STIORAGE SECTION. 47 v PERFORM VARYING AGTID FROM 1 BY 1 UNTIL AGTID > NMAGENTS

12 01 NMAGENTS PIC 9(3) VALUE 10. 48 MOVE © TO SHUFFLED-INDEX(AGTID)

13 01 NMSTPS PIC 9(5) VALUE 1000. 49 MOVE 'N' TO AGENT-PAIRED(AGTID)

14 01 STPCNT PIC 9(5). 50 END-PERFORM.

15 01 TOTAL-STEPS PIC 9(5) VALUE 0. 51

16 01 TEMP-ID PIC 9(3). 52 *> Start with USER-RESPONSE as 'Y' to enter the loop.

17 01 AGTID PIC 9(3). 53 v PERFORM UNTIL USER-RESPONSE = "N"

18 01 TEMPWLTH PIC 9(6). 54 v PERFORM VARYING STPCNT FROM STPCNT BY 1

19 01 ENVLVL PIC 9(1) VALUE 1. S5 UNTIL STPCNT > TOTAL-STEPS + NMSTPS

20 01 RANDOM-VAL PIC 9(5). 56 PERFORM SHUFFLE-PAIRINGS > Shuffle pairings each step.
21 01 SEED-VALUE PIC 9(9). 57 PERFORM SIMULATEENV > Run simulation for each sjtep.
22 01 WS-DATE PIC 9(8). 58 PERFORM DISPLAYWEALTH *> Display wealth after each step.
23 01 WS-TIME PIC 9(6). 59 END-PERFORM

24 01 WS-MINUTE PIC 9(2). 60 ADD NMSTPS TO TOTAL-STEPS

25 01 MULTIPLIER PIC 9(1@) VALUE 1103515245. 61 DISPLAY "Simulation has completed " TOTAL-STEPS " steps."|

26 01 INCREMENT PIC 9(9) VALUE 12345. 62 DISPLAY "Continue for another " NMSTPS " steps? (Y/N): "

27 01 MODULUS PIC 9(10) VALUE 32768. 63 ACCEPT USER-RESPONSE

28 01 AGENT-WLTH OCCURS 16 TIMES PIC S9(6) VALUE 100. 64 v PERFORM UNTIL USER-RESPONSE = "Y" OR USER-RESPONSE = "N"

29 01 AGENT-ALTTYPE OCCURS 10 TIMES PIC X(1@) VALUE SPACES. 65 DISPLAY "Invalid input. Please enter Y or N: "

30 01 AGENT-PAIRED OCCURS 10 TIMES PIC X(1) VALUE 'N'. =#> Tracks if| agents| arc 66 ACCEPT USER-RESPONSE

31 01 SHUFFLED-INDEX OCCURS 10 TIMES PIC 9(3) VALUE ZEROS. 67 END-PERFORM

32 01 USER-RESPONSE PIC X(1) VALUE SPACE. 68 v IF USER-RESPONSE = "Y" THEN

33 69 MOVE TOTAL-STEPS TO STPCNT

34v PROCEDURE PIVISION. 70 END-IF

35v MAINLOGIC SECTION. 71 END-PERFORM.

36 DISPLAY "Choose Level (1 = Extreme Abundance, 2 = Normal , " |- 72

Source code continues on following page —
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73
74
5y
76 v
7Y
78
1487

226

241 v

243 v
244 v

*> Sh

EXIT.

N
I
I
END-PE]

x> After a
[PERFORM VA
IF AGE

Moy

*f
IF

ELf

STOP RUN.

[SHUFFLE-PAIRINGS SECTION.

PERFORM VARYING AGTID FROM 1 BY 1 UNTIL AGTID > NMAGENTS
PERFORM GENERATE-RANDOM
DIVIDE RANDOM-VAL BY NMAGENTS GIVING TEMP-ID

ADD 1 TO SHUFFLED-INDEX(AGTID)
END-PERFORM.

*> Ensure no agent is paired with itself and shuffle again if]

PERFORM VARYING AGTID FROM 1 BY 1 UNTIL AGTID > NMAGENTS
IF SHUFFLED-INDEX(AGTID) = AGTID THEN

END-IF
END-PERFORM.

*> Valfidation Step: Ensure every agent 1is paired.
PERFORM VARYING AGTID FROM 1 BY 1 UNTIL AGTID > NMAGENTS
IF| SHUFFLED-INDEX(AGTID) = © THEN

END-IF
END-PERFORM.

ELSE IF

ELSE IF AGENT-ALTTYPE(AGTID) = 'SEMI'

iffle agent indices using Fisher-Yates shuffle to ensure
*> Use custom random number gene|

REMAINDER SHUFFLED-INDEX(AGTID)

IF AGTID < NMAGENTS THEN

MOVE SHUFFLED-INDEX(AGTID + 1) TO TEMP-ID

MOVE TEMP-ID TO SHUFFLED-INDEX(AGTID)
ELSE

MOVE SHUFFLED-INDEX(1) TO TEMP-ID

MOVE TEMP-ID TO SHUFFLED-INDEX(AGTID)
END-IF

DISPLAY "Error: Agent " AGTID " not paired."
DIVIDE AGTID BY NMAGENTS
GIVING TEMP-ID
REMAINDER TEMP-ID
ADD 1 TO TEMP-ID
MOVE SHUFFLED-INDEX(TEMP-ID) TO SHUFFLED-INDEX (AGTID)

MOVE 'PURE' TO AGENT-ALTTYPE(AGTID)
END-IF
END-IF
WHEN 4 x> Extreme Scarcity
IF RANDOM-VAL <= 6 THEN
MOVE 'FAKE' TO AGENT-ALTTYPE(AGTID)
ELSE
IF RANDOM-VAL <= 8 THEN
MOVE 'SEMI' TO AGENT-ALTTYPE(AGTID)
ELSE
MOVE 'PURE' TO AGENT-ALTTYPE(AGTID)
END-IF
END-IF
ID-EVALUATE
ISPLAY "Agent " AGTID " Altruism Type: "
[SPLAY AGENT-ALTTYPE(AGTID)
RFORM.

issigning altruism types, pair agents and calculate weal]
RYING AGTID FROM 1 BY 1 UNTIL AGTID > NMAGENTS

NT-PAIRED(AGTID) = 'N' THEN > Only process agents not|
WVE SHUFFLED-INDEX(AGTID) TO TEMP-ID #> Use shuffled pal

Add a check for TEMP-ID to ensure it is valid and not
TEMP-ID >= 1 AND TEMP-ID <= NMAGENTS THEN
IF AGENT-PAIRED(TEMP-ID) = 'N' THEN

PERFORM PAIR-DECISION

DISPLAY "Agent " AGTID " paired w Agent " TEMP-ID
DISPLAY "Agent " AGTID " Alt Type: "

DISPLAY AGENT-ALTTYPE(AGTID)

DISPLAY "Agent " TEMP-ID " Alt Type: "

DISPLAY AGENT-ALTTYPE(TEMP-ID)

PERFORM PAIR-AGENTS

MOVE 'Y' TO AGENT-PAIRED(AGTID)

pairin

rator.

necess;

Ith.

yet pal
firings.|

et pail

MOVE 'Y' TO AGENT-PAIRED(TEMP-ID)

50 TO AGENT-WLTH(AGTID)

50 TO AGENT-WLTH(TEMP-ID)

AGENT-ALTTYPE (AGTID) = 'SEMI'

AND AGENT-ALTTYPE(TEMP-ID) = 'FAKE' THEN
IF AGENT-WLTH(AGTID) >= 10 THEN

ADD 20 TO AGENT-WLTH(TEMP-ID)

SUBTRACT 10 FROM AGENT-WLTH(AGTID)

ADD
ADD

E
DISPLAY "Agent " AGTID " no wealth to give!"
END-IF

AND AGENT-ALTTYPE(TEMP-ID) = 'PURE' THEN
IF AGENT-WLTH(AGTID) >= 5
AND AGENT-WLTH(TEMP-ID) >= 50 THEN
SUBTRACT 5 FROM AGENT-WLTH(AGTID)
SUBTRACT 50 FROM AGENT-WLTH(TEMP-ID)
ELSE
IF AGENT-WLTH(AGTID) < 5 THEN
DISPLAY "Agent " AGTID " no wealth to give!"
END-IF
IF AGENT-WLTH(TEMP-ID) < 50 THEN
DISPLAY "Agent " TEMP-ID " no wealth left!"
END-IF
END-IF
[SE IF AGENT-ALTTYPE(AGTID) = 'PURE'
AND AGENT-ALTTYPE(TEMP-ID) = 'PURE' THEN
IF AGENT-WLTH(AGTID) >= 50
AND AGENT-WLTH(TEMP-ID) >= 50 THEN
SUBTRACT 50 FROM AGENT-WLTH(AGTID)
SUBTRACT 50 FROM AGENT-WLTH(TEMP-ID)
ELSE
IF AGENT-WLTH(AGTID) < 50 THEN
DISPLAY "Agent " AGTID " no wealth to give!"
END-IF
IF AGENT-WLTH(TEMP-ID) < 50 THEN
DISPLAY "Agent " TEMP-ID " no wealth left!"

.

ary

firec

red

110 v
111
112
113 v
114
115
116

118 v
HIOR
120

121 v

123

-
N
i

<

125
126
127
128 v
129 v

181

=
©
N

G 33883

201

208

210
211
212
213
214

SIS

216

253
254
255 v
256
2570

259

285
286
2870
288

END-

SIMULATEENV SECTION.
DISPLAY "STARTING SIMULATION FOR STEP:
*> Redssign altruism types each step based on environment le
PERFORM VARYING AGTID FROM 1 BY 1 UNTIL AGTID > NMAGENTS

" STPCNT.

MOVE 'N' TO AGENT-PAIRED(AGTID) #> Reset paired status f
PERFORM GENERATE-RANDOM *> Generate random value for ead|
DISPLAY "Reassigning altruism for Agent " AGTID
EVALUATE ENVLVL
WHEN 1 *> Extreme Abundance
IF RANDOM-VAL <= 7 THEN
MOVE 'FAKE' TO AGENT-ALTTYPE(AGTID)
ELSE
IF RANDOM-VAL <= 9 THEN
MOVE 'SEMI' TO AGENT-ALTTYPE(AGTID)
ELSE
MOVE 'PURE' TO AGENT-ALTTYPE(AGTID)
END-IF
END-IF
WHEN 2 *> Normal
IF RANDOM-VAL <= 6 THEN
MOVE 'FAKE' TO AGENT-ALTTYPE(AGTID)
ELSE
IF RANDOM-VAL <= 8 THEN
MOVE 'SEMI' TO AGENT-ALTTYPE(AGTID)
ELSE
MOVE 'PURE' TO AGENT-ALTTYPE(AGTID)
END-IF
END-IF
WHEN 3 %> Scarcity
IF RANDOM-VAL <= 7 THEN
MOVE 'FAKE' TO AGENT-ALTTYPE(AGTID)
ELSE
IF RANDOM-VAL <= 9 THEN
MOVE 'SEMI' TO AGENT-ALTTYPE(AGTID)
ELSE

END-IF
END-IF
IF

DISPLAY
EXIT.

PAIR-DEC:
EVAL

END-|
EXIT

PAIR-AGEI
IF A
T

ELSE

ACCE
MOVE
ADD
ADD

EXIT.

COMPUTE RANDOM-VAL =
DIVIDE|

IF RANDOM-VAL =

END-IF|
EXIT.

"END OF STEP " STPCNT

ISION SECTION.
UATE ENVLVL
WHEN 1 *> Extreme Abundance.
IF AGENT-ALTTYPE(AGTID) = 'FAKE'
AND AGENT-ALTTYPE(TEMP-ID) = 'FAKE' THEN
DISPLAY "Both agents are FAKE w Extrm Abundance."|
ELSE IF AGENT-ALTTYPE(AGTID) = 'SEMI'
AND AGENT-ALTTYPE(TEMP-ID) = 'SEMI' THEN
DISPLAY "Both agents are SEMI w Extrm Abundance."|
ELSE IF AGENT-ALTTYPE(AGTID) = 'PURE'
AND AGENT-ALTTYPE(TEMP-ID) = 'PURE' THEN
DISPLAY "Both agents are PURE w Extrm Abundance.'|
ELSE
DISPLAY "Mixed pairing in Extreme Abundance."
END-IF
EVALUATE .

NT|S SECTION.

GTID >= 1 AND AGTID <= NMAGENTS AND

EMP-ID >= 1 AND TEMP-ID <= NMAGENTS THEN

IF AGENT-ALTTYPE(AGTID) = 'FAKE'

AND AGENT-ALTTYPE(TEMP-ID) = 'FAKE' THEN

ADD 10 TO AGENT-WLTH(AGTID)

ADD 10 TO AGENT-WLTH(TEMP-ID)

ELSE IF AGENT-ALTTYPE(AGTID) = 'SEMI'

AND AGENT-ALTTYPE(TEMP-ID) = 'SEMI' THEN

END-IF
END-IF
ELSE IF AGENT-ALTTYPE(AGTID) = 'FAKE'

AND AGENT-ALTTYPE(TEMP-ID) = 'PURE' THEN
IF AGENT-WLTH(TEMP-ID) >= 50 THEN

ADD 20 TO AGENT-WLTH(AGTID)

SUBTRACT 50 FROM AGENT-WLTH(TEMP-ID)

LSE

DISPLAY "Agent " TEMP-ID " no wealth to give!"
END-IF
END-IF

DISPLAY
IF

"Error: AGTID or TEMP-ID out of bounds."

GENERATE-RANDOM SECTION.

PT| WS-TIME FROM TIME
WS-TIME(5:2) TO WS-MINUTE
WS-MINUTE TO SEED-VALUE
AGTID TO SEED-VALUE
(SEED-VALUE * MULTIPLIER + INCREMENT)
RANDOM-VAL BY MODULUS

GIVING RANDOM-VAL

REMAINDER RANDOM-VAL

*> Ensure random value is in the range of 1 to 10.
DIVIDE|

RANDOM-VAL BY 10
GIVING RANDOM-VAL
REMAINDER RANDOM-VAL
© THEN
MOVE 1 TO RANDOM-VAL

DISPLAYWEALTH SECTION.
DISPLAY "Wealth of Agents after Step: " STPCNT

Source code continues on following page —

lel.

for each

h agent].

*> Ensure agent ID affects randomness.
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289 v PERFORM VARYING AGTID FROM 1 BY 1 UNTIL AGTID > NMAGENTS
290 DISPLAY "Agent " AGTID " Final Wealth: "

291 DISPLAY AGENT-WLTH(AGTID)

292 END-PERFORM

293 EXIT.

294

GNU GENERAL PUBLIC LICENSE 3.0
https://www.gnu.org/licenses/ 0.en.html

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.

Preamble
The GNU General Public License is a free, copyleft license for software and other kinds of works.

The licenses for most software and other practical works are designed to take away your freedom to share and change the works. By contrast, the GNU General Public License is intended to guarantee your freedom to share and change all versions of
a program--to make sure it remains free software for all its users. We, the Free Software Foundation, use the GNU General Public License for most of our software; it applies also to any other work released this way by its authors. You can apply it to
your programs, too.

‘When we speak of free software, we are referring to freedom, not price. Our General Public Licenses are designed to make sure that you have the freedom to distribute copies of free software (and charge for them if you wish), that you receive source
code or can get it if you want it, that you can change the software or use pieces of it in new free programs, and that you know you can do these things.

To protect your rights, we need to prevent others from denying you these rights or asking you to surrender the rights. Therefore, you have certain responsibilities if you distribute copies of the software, or if you modify it: responsibilities to respect
the freedom of others.

For example, if you distribute copies of such a program, whether gratis or for a fee, you must pass on to the recipients the same freedoms that you received. You must make sure that they, too, receive or can get the source code. And you must show
them these terms so they know their rights.

Developers that use the GNU GPL protect your rights with two steps: (1) assert copyright on the software, and (2) offer you this License giving you legal permission to copy, distribute and/or modify it.

For the developers' and authors' protection, the GPL clearly explains that there is no warranty for this free software. For both users' and authors' sake, the GPL requires that modified versions be marked as changed, so that their problems will not be
attributed erroneously to authors of previous versions.

Some devices are designed to deny users access to install or run modified versions of the software inside them, although the manufacturer can do so. This is fundamentally incompatible with the aim of protecting users' freedom to change the
software. The systematic pattern of such abuse occurs in the area of products for individuals to use, which is precisely where it is most unacceptable. Therefore, we have designed this version of the GPL to prohibit the practice for those products. If
such problems arise substantially in other domains, we stand ready to extend this provision to those domains in future versions of the GPL, as needed to protect the freedom of users.

Finally, every program is threatened constantly by software patents. States should not allow patents to restrict development and use of software on general-purpose computers, but in those that do, we wish to avoid the special danger that patents
applied to a free program could make it effectively proprietary. To prevent this, the GPL assures that patents cannot be used to render the program non-free.

The precise terms and conditions for copying, distribution and modification follow.

TERMS AND CONDITIONS

0. Definitions.

“This License” refers to version 3 of the GNU General Public License.

“Copyright” also means copyright-like laws that apply to other kinds of works, such as semiconductor masks.

“The Program” refers to any copyrightable work licensed under this License. Each licensee is addressed as “you”. “Licensees” and “recipients” may be individuals or organizations.

To “modify” a work means to copy from or adapt all or part of the work in a fashion requiring copyright permission, other than the making of an exact copy. The resulting work is called a “modified version” of the earlier work or a work “based on”
the earlier work.

A “covered work” means either the unmodified Program or a work based on the Program.

To “propagate” a work means to do anything with it that, without permission, would make you directly or secondarily liable for infringement under applicable copyright law, except executing it on a computer or modifying a private copy.
Propagation includes copying, distribution (with or without modification), making available to the public, and in some countries other activities as well.

To “convey” a work means any kind of propagation that enables other parties to make or receive copies. Mere interaction with a user through a computer network, with no transfer of a copy, is not conveying.

An interactive user interface displays “Appropriate Legal Notices” to the extent that it includes a convenient and prominently visible feature that (1) displays an appropriate copyright notice, and (2) tells the user that there is no warranty for the work
(except to the extent that warranties are provided), that licensees may convey the work under this License, and how to view a copy of this License. If the interface presents a list of user commands or options, such as a menu, a prominent item in the
list meets this criterion.

1. Source Code.
The “source code” for a work means the preferred form of the work for making modifications to it. “Object code” means any non-source form of a work.

A “Standard Interface” means an interface that either is an official standard defined by a recognized standards body, or, in the case of interfaces specified for a particular programming language, one that is widely used among developers working in
that language.

The “System Libraries” of an executable work include anything, other than the work as a whole, that (a) is included in the normal form of packaging a Major Component, but which is not part of that Major Component, and (b) serves only to enable
use of the work with that Major Component, or to implement a Standard Interface for which an implementation is available to the public in source code form. A “Major Component”, in this context, means a major essential component (kernel,
window system, and so on) of the specific operating system (if any) on which the executable work runs, or a compiler used to produce the work, or an object code interpreter used to run it.

The “Corresponding Source” for a work in object code form means all the source code needed to generate, install, and (for an executable work) run the object code and to modify the work, including scripts to control those activities. However, it does
not include the work's System Libraries, or general-purpose tools or generally available free programs which are used unmodified in performing those activities but which are not part of the work. For example, Corresponding Source includes
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interface definition files associated with source files for the work, and the source code for shared libraries and dynamically linked subprograms that the work is specifically designed to require, such as by intimate data communication or control flow
between those subprograms and other parts of the work.

The Corresponding Source need not include anything that users can regenerate automatically from other parts of the Corresponding Source.

The Corresponding Source for a work in source code form is that same work.

2. Basic Permissions.

All rights granted under this License are granted for the term of copyright on the Program, and are irrevocable provided the stated conditions are met. This License explicitly affirms your unlimited permission to run the unmodified Program. The
output from running a covered work is covered by this License only if the output, given its content, constitutes a covered work. This License acknowledges your rights of fair use or other equivalent, as provided by copyright law.

‘You may make, run and propagate covered works that you do not convey, without conditions so long as your license otherwise remains in force. You may convey covered works to others for the sole purpose of having them make modifications
exclusively for you, or provide you with facilities for running those works, provided that you comply with the terms of this License in conveying all material for which you do not control copyright. Those thus making or running the covered works
for you must do so exclusively on your behalf, under your direction and control, on terms that prohibit them from making any copies of your copyrighted material outside their relationship with you.

Conveying under any other circumstances is permitted solely under the conditions stated below. Sublicensing is not allowed; section 10 makes it unnecessary.

3. Protecting Users' Legal Rights From Anti-Circumvention Law.

No covered work shall be deemed part of an effective technological measure under any applicable law fulfilling obligations under article 11 of the WIPO copyright treaty adopted on 20 December 1996, or similar laws prohibiting or restricting

circumvention of such measures.

‘When you convey a covered work, you waive any legal power to forbid circt ion of technological to the extent such circumvention is effected by exercising rights under this License with respect to the covered work, and you disclaim
any intention to limit operation or modification of the work as a means of enforcing, against the work's users, your or third parties' legal rights to forbid circumvention of technological measures.

4. Conveying Verbatim Copies.
You may convey verbatim copies of the Program'’s source code as you receive it, in any medium, provided that you conspicuously and appropriately publish on each copy an appropriate copyright notice; keep intact all notices stating that this License
and any non-permissive terms added in accord with section 7 apply to the code; keep intact all notices of the absence of any warranty; and give all recipients a copy of this License along with the Program.

You may charge any price or no price for each copy that you convey, and you may offer support or warranty protection for a fee.

5. Conveying Modified Source Versions.
‘You may convey a work based on the Program, or the modifications to produce it from the Program, in the form of source code under the terms of section 4, provided that you also meet all of these conditions:

a) The work must carry prominent notices stating that you modified it, and giving a relevant date.

b) The work must carry prominent notices stating that it is released under this License and any conditions added under section 7. This requi modifies the requi in section 4 to “keep intact all notices”.

) You must license the entire work, as a whole, under this License to anyone who comes into possession of a copy. This License will therefore apply, along with any applicable section 7 additional terms, to the whole of the work, and all its parts,
regardless of how they are packaged. This License gives no permission to license the work in any other way, but it does not invalidate such permission if you have separately received it.

d) If the work has interactive user interfaces, each must display Appropriate Legal Notices; however, if the Program has interactive interfaces that do not display Appropriate Legal Notices, your work need not make them do so.

A compilation of a covered work with other separate and independent works, which are not by their nature extensions of the covered work, and which are not combined with it such as to form a larger program, in or on a volume of a storage or
distribution medium, is called an “aggregate” if the compilation and its resulting copyright are not used to limit the access or legal rights of the compilation's users beyond what the individual works permit. Inclusion of a covered work in an
aggregate does not cause this License to apply to the other parts of the aggregate.

6. Conveying Non-Source Forms.
You may convey a covered work in object code form under the terms of sections 4 and 5, provided that you also convey the machine-readable Corresponding Source under the terms of this License, in one of these ways:

a) Convey the object code in, or embodied in, a physical product (including a physical distribution medium), accompanied by the Corresponding Source fixed on a durable physical medium customarily used for software interchange.

b) Convey the object code in, or embodied in, a physical product (including a physical distribution medium), accompanied by a written offer, valid for at least three years and valid for as long as you offer spare parts or customer support for that
product model, to give anyone who possesses the object code either (1) a copy of the Corresponding Source for all the software in the product that is covered by this License, on a durable physical medium customarily used for software interchange,
for a price no more than your reasonable cost of physically performing this conveying of source, or (2) access to copy the Corresponding Source from a network server at no charge.

¢) Convey individual copies of the object code with a copy of the written offer to provide the Corresponding Source. This alternative is allowed only occasionally and noncommercially, and only if you received the object code with such an offer, in
accord with subsection 6b.

d) Convey the object code by offering access from a designated place (gratis or for a charge), and offer equivalent access to the Corresponding Source in the same way through the same place at no further charge. You need not require recipients to
copy the Corresponding Source along with the object code. If the place to copy the object code is a network server, the Corresponding Source may be on a different server (operated by you or a third party) that supports equivalent copying facilities,
provided you maintain clear directions next to the object code saying where to find the Corresponding Source. Regardless of what server hosts the Corresponding Source, you remain obligated to ensure that it is available for as long as needed to
satisfy these requirements.

e) Convey the object code using peer-to-peer transmission, provided you inform other peers where the object code and Corresponding Source of the work are being offered to the general public at no charge under subsection 6d.

A separable portion of the object code, whose source code is excluded from the Corresponding Source as a System Library, need not be included in conveying the object code work.

A “User Product” is either (1) a “consumer product”, which means any tangible personal property which is normally used for personal, family, or household purposes, or (2) anything designed or sold for incorporation into a dwelling. In determining
whether a product is a consumer product, doubtful cases shall be resolved in favor of coverage. For a particular product received by a particular user, “normally used” refers to a typical or common use of that class of product, regardless of the status
of the particular user or of the way in which the particular user actually uses, or expects or is expected to use, the product. A product is a consumer product regardless of whether the product has substantial commercial, industrial or non-consumer
uses, unless such uses represent the only significant mode of use of the product.

“Installation Information” for a User Product means any methods, procedures, authorization keys, or other information required to install and execute modified versions of a covered work in that User Product from a modified version of its
Corresponding Source. The information must suffice to ensure that the continued functioning of the modified object code is in no case prevented or interfered with solely because modification has been made.

If you convey an object code work under this section in, or with, or specifically for use in, a User Product, and the conveying occurs as part of a transaction in which the right of possession and use of the User Product is transferred to the recipient in
perpetuity or for a fixed term (regardless of how the transaction is characterized), the Corresponding Source conveyed under this section must be accompanied by the Installation Information. But this requirement does not apply if neither you nor any
third party retains the ability to install modified object code on the User Product (for example, the work has been installed in ROM).

The requirement to provide Installation Information does not include a requirement to continue to provide support service, warranty, or updates for a work that has been modified or installed by the recipient, or for the User Product in which it has
been modified or installed. Access to a network may be denied when the modification itself materially and adversely affects the operation of the network or violates the rules and protocols for communication across the network.

Corresponding Source conveyed, and Installation Information provided, in accord with this section must be in a format that is publicly documented (and with an implementation available to the public in source code form), and must require no
special password or key for unpacking, reading or copying.

7. Additional Terms.

“Additional permissions” are terms that supplement the terms of this License by making exceptions from one or more of its conditions. Additional permissions that are applicable to the entire Program shall be treated as though they were included in
this License, to the extent that they are valid under applicable law. If additional permissions apply only to part of the Program, that part may be used separately under those permissions, but the entire Program remains governed by this License
without regard to the additional permissions.

‘When you convey a copy of a covered work, you may at your option remove any additional permissions from that copy, or from any part of it. (Additional permissions may be written to require their own removal in certain cases when you modify
the work.) You may place additional permissions on material, added by you to a covered work, for which you have or can give appropriate copyright permission.

A ing any other provision of this License, for material you add to a covered work, you may (if authorized by the copyright holders of that material) supplement the terms of this License with terms:

a) Disclaiming warranty or limiting liability differently from the terms of sections 15 and 16 of this License; or

b) Requiring preservation of specified reasonable legal notices or author attributions in that material or in the Appropriate Legal Notices displayed by works containing it; or

) Prohibiting misrepresentation of the origin of that material, or requiring that modified versions of such material be marked in reasonable ways as different from the original version; or

d) Limiting the use for publicity purposes of names of licensors or authors of the material; or

e) Declining to grant rights under trademark law for use of some trade names, trademarks, or service marks; or

f) Requiring indemnification of licensors and authors of that material by anyone who conveys the material (or modified versions of it) with contractual assumptions of liability to the recipient, for any liability that these contractual assumptions
directly impose on those licensors and authors.

All other non-permissive additional terms are considered “further restrictions” within the meaning of section 10. If the Program as you received it, or any part of it, contains a notice stating that it is governed by this License along with a term that is a
further restriction, you may remove that term. If a license document contains a further restriction but permits relicensing or conveying under this License, you may add to a covered work material governed by the terms of that license document,
provided that the further restriction does not survive such relicensing or conveying.

If you add terms to a covered work in accord with this section, you must place, in the relevant source files, a statement of the additional terms that apply to those files, or a notice indicating where to find the applicable terms.

Additional terms, permissive or non-permissive, may be stated in the form of a separately written license, or stated as exceptions; the above requirements apply either way.

8. Termination.

‘You may not propagate or modify a covered work except as expressly provided under this License. Any attempt otherwise to propagate or modify it is void, and will automatically terminate your rights under this License (including any patent

licenses granted under the third paragraph of section 11).

However, if you cease all violation of this License, then your license from a particular copyright holder is reinstated (a) provisionally, unless and until the copyright holder explicitly and finally terminates your license, and (b) permanently, if the
copyright holder fails to notify you of the violation by some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the copyright holder notifies you of the violation by some reasonable means, this is the first time you have received notice of violation of this License (for any
work) from that copyright holder, and you cure the violation prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses of parties who have received copies or rights from you under this License. If your rights have been terminated and not permanently reinstated, you do not qualify to receive
new licenses for the same material under section 10.
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9. Acceptance Not Required for Having Copies.

You are not required to accept this License in order to receive or run a copy of the Program. Ancillary propagation of a covered work occurring solely as a c e of using peer-t ission to receive a copy likewise does not require
acceptance. However, nothing other than this License grants you permission to propagate or modify any covered work. These actions infringe copyright if you do not accept this Llcense Therefore, by modifying or propagating a covered work, you
indicate your acceptance of this License to do so.

10. Automatic Licensing of Downstream Recipients.
Each time you convey a covered work, the recipient automatically receives a license from the original licensors, to run, modify and propagate that work, subject to this License. You are not responsible for enforcing compliance by third parties with
this License.

An “entity transaction” is a transaction transferring control of an organization, or substantially all assets of one, or subdividing an organization, or merging organizations. If propagation of a covered work results from an entity transaction, each party
to that transaction who receives a copy of the work also receives whatever licenses to the work the party's predecessor in interest had or could give under the previous paragraph, plus a right to possession of the Corresponding Source of the work
from the predecessor in interest, if the predecessor has it or can get it with reasonable efforts.

‘You may not impose any further restrictions on the exercise of the rights granted or affirmed under this License. For example, you may not impose a license fee, royalty, or other charge for exercise of rights granted under this License, and you may
not initiate litigation (including a cross-claim or counterclaim in a lawsuit) alleging that any patent claim is infringed by making, using, selling, offering for sale, or importing the Program or any portion of it.

11. Patents.

A “contributor” is a copyright holder who authorizes use under this License of the Program or a work on which the Program is based. The work thus licensed is called the contributor's “contributor version”.
A contributor's “essential patent claims” are all patent claims owned or controlled by the contributor, whether already acquired or hereafter acquired, that would be infringed by some manner, permitted by this License, of making, using, or selling its
contributor version, but do not include claims that would be infringed only as a consequence of further modification of the contributor version. For purposes of this definition, “control” includes the right to grant patent sublicenses in a manner
consistent with the requirements of this License.

Each contributor grants you a non-exclusive, worldwide, royalty-free patent license under the contributor's essential patent claims, to make, use, sell, offer for sale, import and otherwise run, modify and propagate the contents of its contributor
version,

In the following three paragraphs, a “patent license” is any express ag) or ¢ i however i not to enforce a patent (such as an express permission to practice a patent or covenant not to sue for patent infringement). To
“grant” such a patent license to a party means to make such an agreement or commitment not to enforce a patent against the party.

If you convey a covered work, knowingly relying on a patent license, and the Corresponding Source of the work is not available for anyone to copy, free of charge and under the terms of this License, through a publicly available network server or
other readily accessible means, then you must either (1) cause the Corresponding Source to be so available, or (2) arrange to deprive yourself of the benefit of the patent license for this particular work, or (3) arrange, in a manner consistent with the
requirements of this License, to extend the patent license to downstream recipients. “Knowingly relying” means you have actual knowledge that, but for the patent license, your conveying the covered work in a country, or your recipient's use of the
covered work in a country, would infringe one or more identifiable patents in that country that you have reason to believe are valid.

If, pursuant to or in connection with a single transaction or arrangement, you convey, or propagate by procuring conveyance of, a covered work, and grant a patent license to some of the parties receiving the covered work authorizing them to use,
propagate, modify or convey a specific copy of the covered work, then the patent license you grant is automatically extended to all recipients of the covered work and works based on it.

A patent license is “discriminatory” if it does not include within the scope of its coverage, prohibits the exercise of, or is conditioned on the non-exercise of one or more of the rights that are specifically granted under this License. You may not
convey a covered work if you are a party to an arrangement with a third party that is in the business of distributing software, under which you make payment to the third party based on the extent of your activity of conveying the work, and under
which the third party grants, to any of the parties who would receive the covered work from you, a discriminatory patent license (a) in connection with copies of the covered work conveyed by you (or copies made from those copies), or (b) primarily
for and in connection with specific products or compilations that contain the covered work, unless you entered into that arrangement, or that patent license was granted, prior to 28 March 2007.

Nothing in this License shall be construed as excluding or limiting any implied license or other defenses to infringement that may otherwise be available to you under applicable patent law.

12. No Surrender of Others' Freedom.

If conditions are imposed on you (whether by court order, agreement or otherwise) that contradict the conditions of this License, they do not excuse you from the conditions of this License. If you cannot convey a covered work so as to satisfy
simultaneously your obligations under this License and any other pertinent obligations, then as a consequence you may not convey it at all. For example, if you agree to terms that obligate you to collect a royalty for further conveying from those to
whom you convey the Program, the only way you could satisfy both those terms and this License would be to refrain entirely from conveying the Program.

13. Use with the GNU Affero General Public License.

Notwithstanding any other provision of this License, you have permission to link or combine any covered work with a work licensed under version 3 of the GNU Affero General Public License into a single combined work, and to convey the
resulting work. The terms of this License will continue to apply to the part which is the covered work, but the special requirements of the GNU Affero General Public License, section 13, concerning interaction through a network will apply to the
combination as such.

14. Revised Versions of this License.
The Free Software Foundation may publish revised and/or new versions of the GNU General Public License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or
concerns.

Each version is given a distinguishing version number. If the Program specifies that a certain numbered version of the GNU General Public License “or any later version” applies to it, you have the option of following the terms and conditions either
of that numbered version or of any later version published by the Free Software Foundation. If the Program does not specify a version number of the GNU General Public License, you may choose any version ever published by the Free Software
Foundation.

If the Program specifies that a proxy can decide which future versions of the GNU General Public License can be used, that proxy's public statement of acceptance of a version permanently authorizes you to choose that version for the Program.
Later license versions may give you additional or different permissions. However, no additional obligations are imposed on any author or copyright holder as a result of your choosing to follow a later version.

15. Disclaimer of Warranty.

THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES PROVIDE
THE PROGRAM “AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY
SERVICING, REPAIR OR CORRECTION.

16. Limitation of Liability.

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS THE PROGRAM AS PERMITTED
ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT
NOT LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS), EVEN
IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

17. Interpretation of Sections 15 and 16.
If the disclaimer of warranty and limitation of liability provided above cannot be given local legal effect according to their terms, reviewing courts shall apply local law that most closely approximates an absolute waiver of all civil liability in

connection with the Program, unless a warranty or assumption of liability accompanies a copy of the Program in return for a fee.

END OF TERMS AND CONDITIONS



