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(Dawkins, 1976)
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Cooperation and
punishment in public
goods experiments
(Fehr & Géchter, 2000)
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Coordinated
punishment of defectors
sustains
cooperation and can
proliferate when rare
(Boyd et al., 2010)
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i (type=3, appearance=B)

if (initial_populations[" N "] > 0) {
population_1ist[[3]] <- data.frame(

type = rep(3, initial_populations[" N iF"]),

appearance = rep("B", initial_populations[" /4 4f"]) \\- —

# 4y A (type=4, appearance=8)
if (initial_populations["if A"] > 0) {
population_l1ist[[4]] <- data.frame(
type = rep(4, initial_populations["iF A"1),
appearance = rep("B", initial_populations["if A"]1)

# % & (type=5, appearance=A)
if (initial_populations["®# ("] > 0) {
population_Tist[[5]] <- data.frame( \
type = rep(5, initial_populations["% L"]1),
anbearance = ren("A". initial pobulationsl™® [Z"1)
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BHIeE ANEEN: tidyverse K ggplot2 » Mgk E —LEEELARSEY -
(1) days RSty THYREL -
(2) simulations FoREBERE » DIBZE LRGBS -
(3) groups B group_colors FHZRAT 1% 48 157 8 LI & o7 SRR F -
(4) initial_populations &% & & EEHE A LI WHERG A8
& 5 - R E 2 (U
Tibrary(tidyverse)
Tibrary(ggplot2)
days <- 150
simulations <- 10
groups <- c("BHEE", "EIE", "MH", "FA", "ER", "EEE")

<- c(

group_colors

|1E$‘L‘ﬁll — '”,”%Z’;’E" — I'|I|,I'|P:‘|;2:I:|'I — II_|'I,

A
)
initial_populations <- c(

"BAE" = 14080,"HEE"

"IF AN = 20230,"ER&"
)
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6 : BEAC TS - B RFFOIEI AR
new_populations <- numeric(length(groups))
names (new_populations) <- groups
if (populations["F#"] < 0) {
new_populations ["Z & "] <- populations["Z&"] + police_kills
T else {
if (populations["ZE&/"] > 0) {
survivors <- rbinom(l, populations["Z&"], 0.4)
new_populations ["E /"] <- survivors * 2
1
} J
for (group in groups[groups != "Z&"]) {
it (populations[group] <= 0) {
new_populations [group] <- 0
next
}
n <- populations[group]
base_survivors <- rbinom(1, n, 0.5)

&7 AR ¢ AT

(4) e RS
a. BERHE  WITEISEE G CHR T % - BAHR - FA
PR ARG NTREE T -
b BIEMEH] © RBPBIREEEEREL TS A2, fERFEH AL -
c. WREEPERE( LM 4 A ) RR N B I R > SRS NETE AR -

7 * FLEBT NIRERINTT Rt

if (group == "E ") {
attempting_heroes <- base_survivors
sacrificed_heroes <- rbinom(1, attempting_heroes, 0.2/0.7 * 0.7)
hase_survivors <- base_survivors - sacrificed_heroes
else if (group == " A" {
total_pop <- sum(populations)
if (total_pop > 0) {
prob_traitor <- populations["F#"] / total_pop
prob_good <- populations["}f A"] / total_pop
attempting_good <- base_survivors
traitor_encounters <- rbinom(1, attempting_good, prob_traitor)
killed_by_traitors <- rbinom(1l, traitor_encounters, 0.9)
base_survivors <- base_survivors - killed_by_traitors
T
} J
new_populations[group] <- base_survivors * 2
}
populations <- new_populations
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p <- ggplotO +
geom_line(data = individual_cumulative,
aes(x = Day, y = CumProp,
group = interaction(simulation, Group)),
Ellq', size = 0.5, alpha = 0.8) +
geonm_area(data = average_results,
aes(x = Day, y = Proport1on i1l = Group),
alpha = 0.8, colour = "JEGY"', size = 1,
position = "stack") +
scale_fill_manual(values = group_colors) +
scale_x_continuous (breaks = seq(0, days, 10)) +
scale_y_continuous (bhreaks = seq(0, 100, 20), limits = c(0, 100)) +
Tabs(
title = "HEHOHLENL - BEEREEFRR",
subtitle = paste("E ¥ EMA ", Tormat(Sys.time(), "%v-%m-%d %H:%M:%S")),
— Ilfgﬂlr,
y = "HEEIHL G,
fi11 = "R E"
) +
theme_minimal() +
theme(
plot.title = element_text(size = 16, face = "bold", hjust = 0.5),
plot.subtitle = element_text(size = 12, hjust = 0.5),
legend.position = "right",

panel.grid.major = element_line(colour = "jgrey80'),
panel.grid.minor = element_line(colour = "lgrey90")
)l
print(p)

cat("\n=== MEFIHEEFHFT ===\n")
print(final_survival)
cat(Mn=== EEFEEZEFH I ==\n"

print(final_proportions)
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