1.4 Optimal Binwidth
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2 Frequency Polygon

The histogram is simple, useful and piecewise constant.

SIAM rlt .

For  (ashavous RV;/ meed gomdlula smootter.

library(ISLR)

# optimal h based on normal method
h 0 <- 3.491 * sd(HittersS$Salary, na.rm = TRUE) *

sum(!is.na(Hitters$Salary)) " (-1/3)
Ll 4
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## original histogram with optimal h 4ﬁ<4 w%m
ggplot (Hitters) + A

geom histogram(aes(Salary), binwidth = h 0) -> p

## get values to build freq polygon A owE e
vals <- ggplot build(p)sdata[[1l]]
poly dat <- data.frame(x = c(vals$x[1l] - h_O0,
vals$x, valssx[nrow(vals)] + h 0),
y = c(0, valsSy, 0))

## plot freq polygon
p + geom line(aes(x, y), data = poly dat, colour = "red")
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Let b1, ...,bxk+1 represent bin edges of bins with width h and ny,...,nx be the number of

observations falling into the bins. Let ¢y, . . ., ck+1 be the midpoints of the bin interval.
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The frequency polygon is defined as
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2 Frequency Polygon
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10

In practice, a simple way to construct locally varying binwidth histograms is by
transforming the data to a different scale and then smoothing the transformed data. The

} smoothing the transformed date
final estimate is formed by simply transforming the constructed bin edges {b;} back to the
original scale. fuw el E[07 Jjust bin Loedins.
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3 Kernel Density Estimation

Recall the definition of a density function

dy h—0 2h h—0 h

() = L F(y) = lim Fly+h) - Fly—h) . F(y+h)—F(y),

where F(x) is the edf of the random variable Y. Fook X 0o wete v/ spoll
boed h usf'ra de ecdf.
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What if instead, we replace F(z + h) — F(z — h)?
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This will weight all points within A of z equally. A univariate kernel density estimator will
allow a more flexible weighting scheme.
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Typically, kernel functions are positive everywhere and symmetric about zero.
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13 3 Kernel Density Estimation

3.1 Choice of Bandwidth

The bandwidth parameter controls the smoothness of the density estimate. 4 09 Kandd.

L"Lam[ Width  detomigs tradedf) b/ s ond atnce.

The tradeoff that results from choosing the bandwidth + kernel can be quantified through
a measure of accuracy of f, such as MISE.
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