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KNN and K-means clustering
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Computational Complexity

Linear time
Polynomial time
Non-polynomial time (exponential or worse)
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Constant, linear and superlinear time

O( 1 )
• Append to a list

O( log (n ) )
• Search in a sorted sequence

O( n )
• Count events, compare sequences

O( n log( n ) )
• FFT
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Polynomial time

O( n2 )
• All-pairs distance

O( n3 )
• Matrix multiplication

O ( n4 )
• CT – reconstruktion
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Non-polynomial time

O( 2n )
• Knapsack problem

O( n! )
• N-droning problem
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Choices has consequences
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Quiz 1

Consider this;
1. How long time does a CPU take to execute a calculation?
2. How long time does a CPU take to read a word from 

memory?
3. How long time to read a word from a persistant storage?

What is the consequence of the above answers in a Big Data 
setting?
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KNN
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K Nearest neighbors

We have an annotated database and we wish to classify new 
data-points using that database

The fundamental assumption is that a point is similar to its 
neighbors

We can thus guess a class by looking a a set of neighboring 
points

KNN is often used as a quick and dirty test to see if machine 
learning will work
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K Nearest Neighbors

Simple election

Find the K points nearest in space

Make an election between them

Classify as the same as the most common neighbor
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Algorithm

To classify a new point:

Find distance to all other points
Find the k lowest distances in that list
Select the most common type amongst the k closest as the 

class of the unknown

Measuring the distance is non-trivial as it is a means of 
adapting the KNN algorithm to a problem.

In this talk we will normalize all parameters to be in the 
interval [0:1] and use Euclidian distance
• It is still hard as dimensionality grows
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Complexity

O(n)
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Distances

Usually just Euclidian distance
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Other common distances

Manhattan

Chebyshev

Canberra

Cosine

Library exist
import scipy.spatial.distance as dist
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A first artificial example

Huey, Dewey and Louie

Image borrowed from: http://disney.wikia.com/wiki/Huey,_Dewey_and_Louie



Tekst starter uden 

Sted og 

Enhedens 

K Nearest Neighbors

Huey, Dewey and Louie share a room, but 
has an affinity to stay around their bed. 
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Generate artificial data
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Distance

We are already in range [0:1] so easy
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Find the closest neighbors 
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Find the closest neighbors 
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Tally the votes
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Tally the votes
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Is it robust?
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Is it robust?



Tekst starter uden 

Sted og 

Enhedens 

A larger example  - Wine classifier
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A larger example  - Wine classifier
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Read the data
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Normalization

Since the data for the different columns differ enormously we 
need to scale to a common space

• The easy and common approach is to scale to [0:1]
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Normalize
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Distances

Here we have several dimensions so it is easier to write a 
generic distance function that is indifferent to dimensions
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Distance function
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Classifier
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Test
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Test
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Exercise

The result is quite satisfactory. However, since we are matching 
against the database itself, the tested point is itself in the 
test set, which is an unfair advantage compared to a real 
world scenario. Eliminating this bias is left as an exercise, it 
is quite simple though.

Play with different values of K to see if 5 is indeed the best 
choice.
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Other uses

Outlier detection
Use a simple static measure, stdev, on the sum of distance to 

neighbors
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Quiz 2

How does KNN match the problem 
you are working on in this class?
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K-means Clustering
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Clustering

Clusters are sets of data points that we deem to be related
• Typically this means that they are of the same class

For clustering we do not have any ground-truth
We often know how many clusters we will need though
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K-means clustering

Very related to k nearest neighbors

Used when we have a dataset where we don’t know the classes 
but need to classify elements

For now we will assume we know the number of clusters we are 
looking for
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The simple Algorithm

1. Choose k random points in space as centroids
2. Find the distance from each data-point to each centroid
3. Assign data points to the centroid they are closest to
4. Move the centroids to the center of the points associated 

with it
5. If centroids changed repeat from 2
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Flow

Generate
Random
centroids

Find all 
distances

Assign 
Clusters

Find new
centroids

Done

Change
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Complexity

O(nkl)
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Artificial example

















[ 66 503] (Wrong, Right)
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A common problem

We are extremely sensitive to the choice of initial random 
centroids

• We end up with finding local minimum when we really need 
a global minimum
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The solution

Choose initial centroids non randomly

Chen Zhang and Shixiong Xia, “ K-means Clustering Algorithm with 
Improved Initial center,” in Second International Workshop on 
Knowledge Discovery and Data Mining (WKDD), pp. 790-792, 2009. 

F. Yuan, Z. H. Meng, H. X. Zhangz, C. R. Dong, “ A New Algorithm to Get 
the Initial Centroids,” proceedings of the 3rd International 
Conference on Machine Learning and Cybernetics, pp. 26-29, August 
2004. 

Koheri Arai and Ali Ridho Barakbah, “Hierarchical K-means: an algorithm 
for Centroids initialization for k-means,” department of information 
science and Electrical Engineering Politechnique in Surabaya, Faculty 
of Science and Engineering, Saga University, Vol. 36, No.1, 2007. 
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“My Solution”

Choose many more initial centroids

After clustering, fuse the two centroids that are closest to each 
other

Repeat until the required number of clusters is met
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Cleaning

If there are outliers in the dataset they will be added to some 
cluster and may influence the precision

One may simply remove points that are far from centroids or 
from neighbors
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IMPORTANT

In the daily use of KNN and K-means you don’t do it yourself

Use libraries

Scipy and scikit-learn
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Quiz 3

Anybody in class have a problem where
KMC may be used?
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Use cases: Image segmentation
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Use cases: Multi variate data
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Use cases: Outlier detection
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Possible dataset

• X-ray images of potatoes
• Rotating while imaging

• Various noise levels

• Find the ones with holes or pins in
• With as much noise present at possible


