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4. Learning Parameter Settings 

Parameters of a function (model): 
 f(x1,...,xn) = f(x1,...xn,p1,...,pm) 

where f describes a function or a model that reacts to 
an input vector (x1,...,xn) and creates an output (which 
can be a vector, again). 
p1,...,pm are parameters of the function/model that 
usually can be adjusted (but also naturally influence the 
output of f). For using a model, good values for these 
parameters need to be determined (i.e. learned)! 
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How to use parameters? 

They are used as additional input to all kinds of 
systems, which means that they can be used for all 
kinds of tasks: 
}  to classify samples 
}  to predict outcomes  
}  to generate action sequences 
}  to improve the current behavior of a system 
}  to help with decision making 
}  ... 
But, search spaces are usually huge! 
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Known methods to learn parameters: 

}  lots of evolutionary methods 
}  linear regression analysis  

(and lots of extensions to it, like logistic regression) 
}  support vector machines 
}  adaptive control methods from engineering (usually 

on-line) 
}  (we can also think of learning weights of neural 

networks as parameter learning) 
}  ... 
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Comments: 
}  Nearly every system, including learning systems, have 

parameters. 
}  Nearly every data structure in a system can be used 

in a parameter: 
}  numbers (traditional) 
}  discrete sets 
}  lists/sequences 
}  rules 
}  functions 

}  Consequently, there are many different learning 
approaches (in this part, we look at traditional ones) 
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4.1 Linear Regression Analysis: 
      General idea 

See Witten et al. 2011. 
Assume that input-output vector examples represent a 
linear function (in the number of arguments of the 
input vector). 
Find that function by searching for its parameters and 
measuring the error that candidate parameter 
combinations produce (relative to the given positive 
examples).   
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Learning phase: 
Representing and storing the knowledge 

Linear regression assumes as function f (with input 
x1,...,xn): 
  f(x1,...,xn) = x1*p1 + ... + xn+pn + pn+1 

(so, m = n+1). 
And this means that we have to store the learned 
knowledge as a vector (p1,...,pn+1). 
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Learning phase: 
What or whom to learn from 

For linear regression analysis, we learn only from 
positive examples, usually represented as (numerical) 
feature vectors with result: 

 ex1:  (val11 ,..., val1n,res1) 
      ... 

 exk:  (valk1 ,..., valkn,resk) 
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Learning phase: 
Learning method 

Learning is performed by searching for a parameter 
vector that minimizes the error produced by the 
function represented by those parameters (over all 
examples). The error is usually computed as the square 
of the difference between the function value and the 
actual result of the examples:  
     err(p1,...,pn+1) = Σ i=1

k (resi – (Σj=1
n valij*pj + pn+1))2 

The minimum of this error can be found by setting the 
first derivations to 0 and then using methods from 
linear algebra (using your favorite Math package), if 
there are more examples than parameters. 
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Learning method (cont.) 

This is one of the few examples, where knowledge-
based search is not necessary (because the goal 
function to optimize is so simple)! 
For more complex functions, usually evolutionary 
methods are used to find the optimum (or a good 
approximation of it). 
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Application phase: 
How to detect applicable knowledge 

Since we learn one set of parameters, this set is used. 
No detection of applicable knowledge is necessary. 
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Application phase: 
How to apply knowledge 

Usually, we want to have the result for some input 
feature-value vector.  This is achieved by computing f for 
this input feature vector (using the learned parameter 
settings). 
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Application phase: 
Detect/deal with misleading knowledge 

As in previous methods, only re-learning (with more 
examples) is possible, if the predictions by f are not 
good. 
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General questions: 
Generalize/detect similarities? 

The method does not detect similarities, it essentially 
forces on the examples a similarity represented by f 
(which naturally is a generalization of the examples). 
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General questions: 
Dealing with knowledge from other sources 

Not intended. 

Machine Learning                                                                                                                     J. Denzinger 

(Conceptual) Example 

We have only one input variable, which means that we 
have to learn two parameters. 
The examples are: 

 ex1:  (1,2) 
 ex2:  (1,4) 
 ex3:  (2,4) 
 ex4:  (3,5)  
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(Conceptual) Example (cont.) 

Graphically, this looks like 
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(Conceptual) Example (cont.) 

To find p1 and p2, we need to minimize 
 err(p1,p2) = Σ i=1

4 (resi – ( vali*p1 + p2))2 = 
   (2-p1-p2)2 + (4-p1-p2)2 +(4-2p1-p2)2+ 
   (5-3p1-p2)2 = 
 4-2p1-2p2-2p1+p1

2+p1p2-2p2+p1p2+p2
2 +  

 16-4p1-4p2 -4p1+p1
2+p1p2-4p2+p1p2+p2

2 + 
 16-8p1-4p2 -8p1+4p1

2+2p1p2-4p2+2p1p2+p2
2 + 

 25-15p1-5p2 -15p1+9p1
2+3p1p2-5p2+3p1p2+p2

2 = 
 61-58p1-30p2+15p1

2+14p1p2+4p2
2    
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(Conceptual) Example (cont.) 

Minimizing means setting the first derivations derr/dp1  
and derr/dp2 to 0. 
This leads to p1 = 1 and p2 = 2 and 

 f(x) = x + 2   
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(Conceptual) Example (cont.) 

So, f looks like 
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Pros and cons 

✚ uses computation (not search); at least for linear 
functions 

✚ there are many extensions  
-  many parameter learning problems are not for linear 

functions 
-  extensions are much more complicated and suffer 

from trying to convert knowledge into numbers (for 
example, what value do you give each element in an 
unsorted set?) 
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