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# EXERCISE 2.1

x = c¢(17, 18, 18, 22, 18, 17, 16, 17, 18, 18, 19, 18, 19, 17, 19, 19, 17, 18, 17, 18, 21, 17, 19,
17, 18, 20, 19, 15, 19, 19, 19, 19, 18, 21, 18, 18)

18,

17, 20,

19,

L e e e e

ordered_sanpl e = sort(x) # Ordered sanple

# Frequency table (frequency distribution table)

frequency_counts = tabl e(x) # Tabl e of absolute frequencies

absol ute_frequenci es = as. nuneric(frequency_counts)

di stinct_val ues = uni que(x)

ordered_val ues = sort(distinct_val ues)

n = | ength(x)

rel ative_frequencies = absolute_frequencies / n

cunul ati ve_absol ute_frequenci es = cunsun{ absol ute_frequenci es)

cunul ative_rel ative_frequencies = cunsun{rel ative_frequenci es)

frequency_tabl e = chind(ordered_val ues, absol ute_frequencies,
cunul ati ve_absol ute_frequencies, relative_frequencies,
cunul ative_rel ative_frequencies)

e

# Nurerical characteristics
summary_statistics = summary(x) # Median, first quartile, and third quartile

# Mode fromthe frequency table

arithnetic_nmean = nean(x)

variance = ((n - 1) / n) * var(x)

standard_devi ati on = sqrt(variance)

nean_deviation = (1 / n) * sum(abs(x - arithnetic_nean))

coefficient_of _variation = standard_deviation / arithmetic_nean

data_range = max(x) - mn(x)

nedi an = as. nuneric(sumuary_statistics[3])

first_quartile = as.nuneric(sumary_statistics[2])

third_quartile = as.nuneric(sumary_statistics[5])

interquartile_range = third_quartile - first_quartile

coefficient_of_skewness = (1 / ((standard_deviation®3) * n)) * sum((x - arithmetic_nean)”3)
coefficient_of _kurtosis = (1 / ((standard_deviation®4) * n)) * sun((x - arithnetic_nean)”~4) - 3

# Alternatively, using the el071 package
coef ficient_of _skewness_el071 = skewness(x)
coefficient_of _kurtosis_el071 = kurtosis(x)

statistics = data.frame(
ari thneti c_nean,
vari ance,
standard_devi ati on,
mean_devi ati on,
coef ficient_of _variation,
dat a_r ange,
nedi an,
first_quartile,
third_quartile,
interquartile_range,
coefficient_of _skewness,
coefficient_of _kurtosis
)

round(statistics, digits = 3) # Display values rounded to three deci mal places
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# Different types of plots

pl ot (ordered_val ues, absol ute_frequencies, col = "blue", xlab = "x_i", pch = 19) # Scatter plot of n_i
col = "blue", xlab = "x_i", pch = 19) # Frequency pol ygon

pl ot (ordered_val ues, absol ute_frequencies, type = "o0",

bar pl ot (cumul ati ve_absol ute_frequencies, xlab = "x_i", col = "blue", ylab = "N_i") # Bar chart of N.i

hist(x, main = NULL, col = "blue", border = "white", xlab = "x_i") # Hi stogram

pi e(ordered_val ues, |abels = ordered_val ues, col = gray(seq(from= 0, to =1, length =5))) # Pie chart

boxpl ot (x) # Box pl ot

# Define a function that finds the node
get _mode = function(v) {
uni que_val ues = uni que(Vv)
uni que_val ues[ whi ch. max(t abul at e(mat ch(v, uni que_val ues)))]

}

node = get_node(x)



# EXERCI SE 2. 2

x = c(4.25, 4.26, 4.25, 4.07, 4.20, 4.40, 4.05, 4.00, 4.17, 3.96, 4.30, 4.22, 4.25, 4.15, 4.25, 4.25, 3.97, 4.10,
4.47, 4.10, 4.17, 4.05, 4.25, 4.18, 4.05, 4.27, 4.03, 4.05, 4.15, 4.15, 4.40, 4.27, 4.25, 4.12, 4.30, 4.17,
4.20, 4.17, 4.22, 4.32, 4.20, 4.05, 4.20, 4.37, 4.20, 4.25, 4.25, 4.15, 4.33, 4.10, 4.15, 4.25, 4.25, 4.05,
4.32, 4.27, 4.12, 4.27, 4.50, 4.38, 4.27, 4.17, 4.17, 4.12, 4.25, 4.12, 4.30, 4.33, 4.33, 4.21, 4.12, 4.15,
4.22, 4.20, 4.25, 4.50, 4.27, 4.10, 4.15, 4.31, 4.32, 4.10, 4.10, 4.17, 4.32, 4.02, 4.20, 4.17, 4.30, 4.44,
4.17, 4.20, 4.45, 4.07, 4.27, 4.15, 4.12, 4.42, 4.21, 4.35)
) R e R R
# Grouping into class intervals
m ni mum = mi n(x)
maxi mum = max(x)
n = | engt h(x)
esti mat ed_nunber _of _intervals = round(sqrt(n))
estimated_interval _wi dth = (maxi mum - mninum / estimted_nunber_of _intervals
nunber _of _intervals = 11
interval _width = 0.05
# Determ ne the class boundaries and the correspondi ng absol ute frequencies
# One option
cl ass_boundaries = seq(3.95, 4.5, by = 0.05) # From3.95 to 4.50 in increments of 0.05
hi stogram data = hist(x, seq(3.95, 4.5, by = 0.05), prob = FALSE)
absol ute_frequencies = histogramdata[["counts"]] # Absol ute frequencies fromthe histogram
# Alternatively
hi stogram data = hist(x, seq(3.95, 4.5, by = 0.05), plot = FALSE)
cl ass_boundari es = hi st ogram dat a$br eaks # O ass boundaries fromthe histogram
absol ut e_frequenci es = hi st ogram dat a$counts # Absol ute frequencies fromthe histogram
cat (cl ass_boundaries, "\n", absolute_frequencies, "\n")
class_mi dpoints = (class_boundaries[1:11] + class_boundaries[2:12]) / 2
# Frequency table (frequency distribution table)
rel ative_frequenci es = absol ute_frequencies / n
cunul ative_absol ute_frequenci es = cunsun(absol ute_frequenci es)
cunul ative_rel ative_frequencies = cunsun(rel ative_frequencies)
frequency_tabl e = cbind(
cl ass_m dpoints,
absol ut e_frequenci es,
cumul ati ve_absol ut e_f requenci es,
rel ative_frequenci es,
cunul ative_rel ative_frequencies
)
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# Nunerical characteristics
arithmeti c_mean = nmean(x)
variance = ((n - 1) / n) * var(x)
st andar d_devi ati on = sqrt(variance)
nean_deviation = (1 / n) * sum(abs(x - arithnetic_nean))
coefficient_of_variation = standard_deviation / arithnetic_nean
range = max(x) - mn(x)
nedian = 4.15 + interval _width * (((n + 1) / 2) - 33) / 18
first_quartile = 4.10 + interval _width * ((n/ 4) - 19) / 14
third_quartile = 4.25 + interval _width * (((3 * n) / 4) - 69) / 12
interquartile_range = third_quartile - first_quartile
coefficient_of_skewness = (1 / ((standard_deviation®3) * n)) * sun((x - arithmetic_nean)”3)
coefficient_of_kurtosis = (1 / ((standard_deviation®4) * n)) * sun((x - arithmetic_nmean)”4) - 3
# Al ternatively, using the el071 package
coef ficient _of _skewness = skewness(x)
coefficient_of _kurtosis = kurtosis(x)
summary_statistics = data. frane(
ari thnetic_nean,
vari ance,
standar d_devi ati on,
mean_devi ati on,
coef ficient_of _variation,
range,
nmedi an,
first_quartile,
third_quartile,
interquartile_range,
coefficient_of _skewness,
coefficient_of_kurtosis
)
round(summary_statistics, digits = 3) # Di splay the val ues rounded to three deci mal places

# Modal class fromthe frequency table

# Mode

delta_11 = absol ute_frequencies[5] - absol ute_frequenci es[4]

delta_21 = absol ute_frequencies[5] - absol ute_frequencies[ 6]

nmode_1 = class_boundaries[5] + interval_width * (delta_11 / (delta_11 + delta_21))
delta_12 = absol ute_frequenci es[6] - absol ute_frequencies[5]

delta_22 = absol ute_frequencies[5] - absol ute_frequencies[7]

nmode_2 = class_boundaries[6] + interval _width * (delta_12 / (delta_12 + delta_22))
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# Different types of plots

pl ot (cl ass_mi dpoi nts, absol ute_frequencies, type = "0", col = "blue",
xlab = "z_j", ylab = "n_j", pch = 19) # Frequency pol ygon
hist(x, main = NULL, col = "blue", border = "white", xlab = "x") # Histogram

boxpl ot (x) # Box pl ot



