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df < tibble(
i = 1:n_samples,
reach_prob = reach_prob_fn(n_samples)
) %>%
crossing(t = 1:n_times) %>%
mutate(is_reach = as.double(rbernoulli(n_samples * n_times, p = reach_prob))) %>%
group_by(i) %>%
mutate(
fq = cumsum(is_reach),
fq = if_else(fq = max_fq, max_fq, fq)
) %>%
ungroup() %>%
mutate(
awareness_prob = awareness_prob_fn(fq),
is_aware = rbernoulli(n_samples * n_times, p = awareness_prob)

)

df_awareness <« df %>%
group_by(t) %>%
summarise(awareness_prop = mean(is_aware))

df_share < df %>%
group_by(t, fq) %>%

summarise(fq_prop = n() / n_samples) %>%
pivot_wider(

id_cols = t, # A tlbble: 2@ X 8
names_from = fq, t awareness_prop
values_from = fq_prop, <int> <dbl>
values_fill = 0, 1 1 Q.446
names_prefix = "s_" p) p) 0.639
! 3 3 0.746
df_aggregated <« df_awareness %>% b 4 0.814
5 5 0.852

left_join(df_share)

s_0 s 1
<dbl> <dbl>

0.500 0.500
0.247 0.499
0.122 0.373
0.0624 0.249
0.0353 0.156

s 2
<dbl>

0

0.254
0.376
0.370
0.303

s 3
<dbl>

0
0
0.128
0.249
0.308

S 4 s 5
<dbl> <dbl>
0
0
0
.0692 0

.16

~

3 0.0342
/
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# Nonparametric estimation

S « df_aggregated %>%
select(starts_with("s")) %>%
as.matrix()

y < df_aggregated %>% pull(awareness_prop)

bounds < function(x) {
d < numeric(length(x) - 1)
for (i in 2:length(x)) {
dli - 1] & x[i] - x[1 - 1]
}
return(d)

}

solution < solnp(
pars = seq(0.1, 0.9, length.out = max_fq + 1),
fun = function(x) sum((y - S %*% x)"2),
ineqfun = bounds,
ineqLB = rep(0, max_fq),
inequUB = rep(1, max_fq),
LB = rep(0, max_fq + 1),
UB = rep(1, max_fq + 1),
control = list(tol = 1le-10)
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get_nls_formula = function(max_fq) {
map_chr(0:max_fq, ~ glue("(1 - theta) * (1 - pi)™{.} * s_{.}")) %>%

c("awareness_prop ~ 1", .) %>%

glue_collapse(sep = " - ") %>% awareness_prop ~ 1 — (1 - theta) x (1 - pi)"0 * s
& - (1 - theta) * (1 - pi)™1 * s
as.formula() - (1 - theta) » (1 - pi)"2 * s
} - (1 - theta) » (1 - pi)"3 * s
- (1 - theta) * (1 - pi)™4 * s
- (1 - theta) » (1 - pi)"5 * s
model_nls ¢« nls(
formula = get_nls_formula(max_fq),
start = c(theta = 0.1, pi = 0.1), - ) ~
lower = c(0, 0), F
upper = c(1, 1), ar=1-(1-0) ) (L —mspc +e;
algorithm = "port", =0
control = list(maxiter = 100, tol = 1e-10), /

data = df_aggregated
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brm(
bf( a=1—-(1-0) (1 - T[)fo,t + €
get_nls_formula(max_fq), f=0
theta ~ 1, 0 ~ Beta(ag, Bg)
pi = Ay m ~ Beta(ay, Br)
nl = TRUE _ 2
i € ~N(0,0%) /

prior = c(
prior(beta(1, 1), 1b
prior(beta(1, 1), 1b

),

data data,

iter = 8000,

cores = 4,

seed = 42

0, ub
0, ub

1, nlpar
1, nlpar

"theta"),
upiu)
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