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1. Evaluering av klassifikasjon

2. Introduksjon til clustering



Finn skoene!



Finn skoene!



Hvor bra var dette?

• Av totalt 10 gjenstander, ble 5+2 = 7 gjenstander rett
klassifisert

• Av totalt 4 sko, ble halvparten hentet
• Av 3 hentede gjenstander, var 2 korrekte

Accuracy: 7 / 10 = 70%
Recall: 2 / 4 = 50%
Precision: 2 / 3 = 67%



Finn skoene!

Jeg aner ikke hva han mener



Hvor bra var dette?

• Av totalt 10 gjenstander, ble 4 gjenstander rett
klassifisert

• Av totalt 4 sko, ble alle hentet
• Av 10 hentede gjenstander, var 4 korrekte

Accuracy: 4 / 10 = 40%
Recall: 4 / 4 = 100%
Precision: 4 / 10 = 40%



Hva om vi hadde hundre tennisballer og fire 
sko?
• Hvis hunden kommer tilbake med ingenting, ville den ha klassifisert

100 av 104 gjenstander rett. 

• 96% rett ved å bare si at alt tilhører kategorien det er mest av.

• God accuracy men lite nytteverdi.

Boka:  imagine that we looked at a million tweets, and let’s say that only 100 of them are discussing their love 
(or hatred) for our pie while the other 999,900 are tweets about something completely unrelated. Imagine a 
simple classifier that stupidly classified every tweet as “not about pie”. This classifier would have 999,900 true 
negatives and only 100 false negatives for an accuracy of 999,900/1,000,000 or 99.99%! What an amazing 
accuracy level! 
Surely we should be happy with this classifier? But of course this fabulous ‘no pie’ classifier would be 
completely useless, since it wouldn’t find a single one of the customer comments we are looking for.



The 2-by-2 confusion matrix



Evaluation: Precision

• % of items the system detected (i.e., items the system labeled as 
positive) that are in fact positive (according to the human gold labels) 



Evaluation: Recall

• % of items actually present in the input that were correctly identified 
by the system. 



Why Precision and recall

• Our dumb pie-classifier
• Just label nothing as "about pie"

Accuracy=99.99%
but

Recall = 0
• (it doesn't get any of the 100 Pie tweets)

Precision and recall, unlike accuracy, emphasize true positives:
• finding the things that we are supposed to be looking for. 



A combined measure: F

• F measure: a single number that combines P and R:

• We almost always use balanced F1 (i.e.,  = 1)



F1 på Geogebra

• Blå: Precision = 0,7

• Rød: Recall fra 0 til 1

• Grønn: F1



Classification and Naive Bayes

Evaluation with more than two classes



Confusion Matrix for 3-class classification



How to combine P/R from 3 classes to get one metric

• Macroaveraging: 
• compute the performance for each class, and then average over classes

• Microaveraging: 
• collect decisions for all classes into one confusion matrix

• compute precision and recall from that table. 



Macroaveraging and Microaveraging



2. Unsupervised learning - clustering
 Can you sort the Lego bricks?

 (No instruction on how)

 You may choose sorting on

 Color, or

 Size, or

 Shape, or

 A combination

 I cannot know beforehand what 
you choose, but

 The result might me helpful
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Clustering

• Eksempelanvendelse: 
Avgrense hvilke dokumenter
man skal beregne
dokumentlikhet for



Clustering methods
36

 Hierarchical

 Creates a tree structure of hierarchically nested clusters.

 Flat

 Tries to directly decompose the data into a set of clusters.

 What we will focus on.

 Given a set of objects O = {o1, . . . , on}, 

construct a set of clusters C = {c1, . . . , ck}, 

where each object oi is assigned to a cluster cj .

 We will consider one algorithm: k-means clustering



K-means clustering
37

1. Decide on the number of clusters: k

2. Choose a set of arbitrary centroids: 𝜇1,𝜇2,… , 𝜇𝑘

3. For each item, x, in the training data,

 find the nearest centroid 𝜇𝑖, and assign x to class 𝐶𝑖

4. For each resulting class 𝐶𝑖, calculate and find the new centroid 𝜇𝑖.

5. Classify each item according to the new centroids

6. Repeat from 4



Clustering- demos

• https://user.ceng.metu.edu.tr/~akifakkus/courses/ceng574/k-means/

• http://shabal.in/visuals/kmeans/6.html

https://user.ceng.metu.edu.tr/~akifakkus/courses/ceng574/k-means/
















https://github.com/Viliami/kmeans-cluster.git



OK kode å se på for regnestykkene
• https://github.com/Viliami/kmeans-cluster.git
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