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Clustering Strategies

• K-means

– Iteratively re-assign points to the nearest cluster 
center

As we go down this chart, the clustering strategies 

have more tendency to transitively group points 

even if they are not nearby in feature space



Clustering Strategies

• Agglomerative clustering

– Start with each point as its own cluster and 
iteratively merge the closest clusters

As we go down this chart, the clustering strategies 

have more tendency to transitively group points 

even if they are not nearby in feature space



Clustering Strategies

• Spectral clustering

– Split the nodes in a graph based on assigned links 
with similarity weights

As we go down this chart, the clustering strategies 

have more tendency to transitively group points 

even if they are not nearby in feature space





The machine learning 

framework

• Apply a prediction function to a feature representation of 

the image to get the desired output:

f(    ) = “apple”

f(    ) = “tomato”

f(    ) = “cow”



The machine learning 

framework

y = f(x)

• Training: given a training set of labeled examples {(x1,y1), 

…, (xN,yN)}, estimate the prediction function f by minimizing 

the prediction error on the training set

• Testing: apply f to a never before seen test example x and 

output the predicted value y = f(x)
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Features

• Raw pixels

• Histograms

• GIST descriptors

• …



Classifiers: Nearest neighbor

f(x) = label of the training example nearest to x

• All we need is a distance function for our inputs

• No training required!

Test 
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Classifiers: Linear

• Find a linear function to separate the classes:

f(x) = sgn(w  x + b)



Many classifiers to choose from

• SVM

• Neural networks

• Naïve Bayes

• Bayesian network

• Logistic regression

• Randomized Forests

• Boosted Decision Trees

• K-nearest neighbor

• RBMs

• Etc.

Which is the best one?



• Images in the training set must be annotated with the 

“correct answer” that the model is expected to produce

Contains a motorbike

Recognition task and supervision



Unsupervised “Weakly” supervised Fully supervised

Definition depends on task



Generalization

• How well does a learned model generalize from 

the data it was trained on to a new test set?

Training set (labels known) Test set (labels 

unknown)



Generalization
• Components of generalization error 

– Bias: how much the average model over all training sets differ 

from the true model?

• Error due to inaccurate assumptions/simplifications made by 

the model

– Variance: how much models estimated from different training 

sets differ from each other



Generalization
• Underfitting: model is too “simple” to represent all the 

relevant class characteristics

– High bias and low variance

– High training error and high test error



Generalization
• Overfitting: model is too “complex” and fits irrelevant 

characteristics (noise) in the data

– Low bias and high variance

– Low training error and high test error



Bias-Variance Trade-off

• Models with too many 
parameters are 
inaccurate because of a 
large variance (too 
much sensitivity to the 
sample).



Bias-Variance Trade-off

• Models with too few 
parameters are 
inaccurate because of a 
large bias (not enough 
flexibility).



Bias-Variance Trade-off

E(MSE) = noise2  + bias2 + variance

See the following for explanations of bias-variance (also Bishop’s “Neural 

Networks” book): 

•http://www.inf.ed.ac.uk/teaching/courses/mlsc/Notes/Lecture4/BiasVariance.pdf

Unavoidable 

error

Error due to 

incorrect 

assumptions

Error due to 

variance of training 

samples

http://www.inf.ed.ac.uk/teaching/courses/mlsc/Notes/Lecture4/BiasVariance.pdf


Bias-variance tradeoff

Training error

Test error
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Bias-variance tradeoff

Many training examples

Few training examples
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Effect of Training Size
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Fixed prediction model



Remember…

• No classifier is inherently 
better than any other: you 
need to make assumptions to 
generalize

• Three kinds of error
– Inherent: unavoidable

– Bias: due to over-simplifications

– Variance: due to inability to 
perfectly estimate parameters 
from limited data



How to reduce variance?

• Choose a simpler classifier



How to reduce variance?

• Regularize the parameters



How to reduce variance?

• Get more training data
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