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Precision-recall curves are often used for imbalanced applications

@ Precision { ]I against the recall (yp—p ).

& To plot a precision-recall curve we can use the package PRROC.

library (PRROC)

PRROC_obj <- pr.curve(scores.class(} = imbalanced_heightsafmu_hat,
veights.classO=imbalanced heightsfy,

curve=TRUE)
plot (PRROC_obj, auc.main=FALSE , color=2)
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Area under the ROC curve

agis
a The geunder the ROC curve (AUC) captures the overall performance.
& AUC = 0.5 : random

& AUC = ] : perfect
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Precision-recall curves are often used for imbalanced applications

* Preclsion { 37} agalnst the recall { +pes ).

# To plot 2 precision-recall curve we can
library (FRROC)

FRRAOC_ob] <- pr.corved{scores.classd = inbalam
weights. classd=imbalanced_
curve=TRUE)

plat(PRROC_obi, suc.main=FALSE , celar=2)

Problem 13 {1 credit)

A police department uses the belp of & machine learning dassifler to find crimmals. They
want to ensure that less than 10% of individuals classified s criminal are actuslly innocent.
Which ome of the thpw clasafiers 4, B or C shown i e Progisos Recid] o do you
recommend to use’” Juseify wour choice.
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da die grine Kurve ab Precision von 0.8 den héchsten Recall hat
Hoher Recall -> niederges FP -» wenige unschuldige werden als
Kriminelle verurteilt
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Classification performance metrics

@ The sensitivity refers to the fraction of actual positives that is predicted to be positive:

i

Senstivity = 7§ = Py

The sensitivity is also referred 10 a5 “recall”. "true positive rane”, or “powver”,

#& The specificity refers to the fraction of actual negatives that is predicted to be negative:

Specificity = —T'-f" = THT%F

The specificity is also known as “true negative rate” or “sensitivity of the negative class™
# The precision refers to the fraction of predicted positives that are indeed positives:
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Problem 7 (2 credits)

T

You have a dataset named dt, which includes information on cars from the mtcars dataset in R.
The dataset contains information on miles per gallon (mpg) and transmission type (automatic or
manual) of the cars.

mpg transmission

21 Manual
21 Manual
23 Manual

21 Automatic
19 Automatic
I8 Automatic

A colleague intends to investigate whether there is a significant difference in the median miles
per gallon between cars with automatic and manual transmissions using a permutation test. The
colleague visualizes a histogram of the test statistics across the permuted datasets alongside the

value of the statistic T in the original unpermuted dataset (T reference). Examine the plot and
the code used.

# Permutation function
perm_test <- function(data, n_permutations = 1000) {
# get reference statistics
T_ref <- data[transmission == "Manual”, median(mpg)] -
data[transmission == "Automatic", median(mpg)]

# get permutation statistics
T_star <- sapply(l:n_permutations, function(x){
# shuffle groups
data[, transmission := sample(transmission), by='transmission']
# compute statistics
data[transmission == "Manual", median(mpg)] -
data[transmission == "Automatic", median(mpg)] })

g <- ggplot(data = data.table(T_star = T_star), aes(T_star)) +
geom_histogram() +
geom_vline(aes(xintercept=T_ref, color="T_ref")) + xlim(0, 10)
print(g)
return(list(T_ref=T_ref, T_star=T_star))
}



Problem 7

(2 credits)

You have a dataset named at, which includes information on cars from the mtcars dataset in R,
The dataset contains information on miles per gallon (mpg) and transmission type (automatic or

manual) of the cars. -
Jui‘j,-f-m T=

mpg iransmission

Durschnittsverbrauch der

21 Manual

21  Manual Gsagschaltautos

23 Manual + Durchschnittsverbrauch der
21 Automatic .

o Kt Automatikschaltautos

18 Automatic

H:, » Gangschaltautos verbrauchen weniger

A molleague intends o investigate whether there & a significant difference in the median miles oo ; |

per gallon between cars with automatic and manual transmissions using a permutation test, The
colleague visualizes a histogram of the test statistics across the permuted datasets alongside the
value of the statistic T in the original anpermuted dataset (T reference). Examine the plot and
the code used.

# Permutation fanction
perm_teast <- function{data, o_permutations = 1000) {
# get reference statistics
T_ref <- dataltransmissiom == "Manual”, median(mpg)] -
data[transmismion == “futomatic®, mediam(mpg)]

# pet permutation statistics
T_star <- szapply(l:n_permitations, functiom{z}{

# ahnffla groups
data[, transmission := nllph{trlmhnim}M]
# compute statistics

data[transmission = "Mamual®, median(mpg)] -
data[transmission = “Automatic”, median(mpgl] })

E <~ gEplot(data = data.table(T_star = T_star), aes(T_star)) +
geom_bistogram() +
geom_vline (ass(rintercept=T_raf, color="T_ref®)) + xlim(0, 10)

print{g)
return(list(T_ref=T_ref, T_star=T_star))
}
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a) The code has & mistake. Clearly state the line of code that is wrong. Explain why it leads w
the obtained histogram Correct the line of code.

b) Assume the code is now corfect. Give the fofmula to compite the P-value estimite using
T ref and T _star in this particular case, No R code & requined.
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Permutation testing: P-value

a Let
e m be the number of random {Monte Carla) permutations
2 r = F{T" 2 Tape} be the number of these random permutations that produce a test statistic greater
than or equal to that calculated for the actual data.

@ The estimated one-sided P-value, P is:

@ Permutation P-values should never be zero.
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Permutation testing: P-value

a Let

permutation 12 £ ¥

# m be the number of random [Monte Carla) permutations
e r  J{T" > T} be the number of these random permutations that produce a test stalistic greater
than or squal to that calculated for the actual data

® The estimated one-sided P-value, P is:

r+1
m+1

« Permutation P-values should never be zero.
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