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(57) ABSTRACT 

A method of determining hyperparameters (HP) of a classi­
fier (1) in a machine learning system (10) iteratively produces 
an estimate of a target hyperparameter vector. The method 
comprises the steps of selecting from the random sample the 
hyperparameter vector producing the best result in the present 
and any previous iterations, and updating the estimate of the 
target hyperparameter vector by using said selected hyperpa­
rameter vector. The random sample may be restricted by 
using the hyperparameter vector producing the best result in 
the present and any previous iterations. 

16 Claims, 1 Drawing Sheet 
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MACHINE LEARNING HYPERPARAMETER 
ESTIMATION 

FIELD OF THE INVENTION 

The present invention relates to hyperparameter estima­
tion. More in particular, the present invention relates to a 
method and device for determining hyperparameters of clas­
sifiers in machine learning systems and applications. 

BACKGROUND 
10 

Classifiers are used in machine learning systems to classify 
physical objects and/or their (typically digital) representa­
tions. Machine learning systems may, for example, be used to 15 

assist fruit picking robots. The classifier of the machine learn­
ing system is trained to distinguish ripe fruit ( e.g. tomatoes) 
from unripe fruit. For each fruit item, the classifier determines 
a set of parameters which are compared with stored param­
eters in order to classify the items as "ripe" or "unripe". The 20 

classification process is, in tum, controlled by hyperparam­
eters which determine, for example, decision criteria such as 
threshold values. 

2 
Accordingly, the present invention provides a method of 

determining hyperparameters of a classifier in a machine 
learning system by iteratively producing an estimate of a 
target hyperparameter vector, each iteration comprising the 
steps of: 

drawing a random sample ofhyperparameter vectors from 
a set of possible hyperparameter vectors, and 

updating the estimate of the target hyperparameter vector 
by using the random sample, 

the method being characterised in that each iteration com­
prises the step of: 

selecting from the random sample a hyperparameter vector 
producing the best result in the present and any previous 
iterations, 

and in that the step of updating the estimate of the target 
hyperparameter vector involves said selected hyperparameter 
vector. 

By selecting from the random sample a or the hyperparam­
eter vector producing the best result in the present and any 
previous iterations, and using said selected hyperparameter 
vector to update the estimate of the target hyperparameter Classifiers are typically trained using a training set pre­

pared on the basis of human input: an operator indicates the 
correct classification for the items of the training set. On the 
basis of these training data, the correct hyperparameters of the 
classifier can be estimated. 

25 vector, the properties of the best performing hyperparameters 
are used to guide the next iteration. In this way, a method 
similar to the cross-entropy method can be used effectively 
for determining hyperparameters, even when the hyperpa-Hyperparameters may be determined using various meth­

ods, for example heuristic or statistical optimisation methods. 
However, many heuristic methods are ad hoc methods, while 
not all statistical optimisation methods are suitable for deter­
mining hyperparameters. 

30 rameters are not continuous and their effects are not transpar­
ent. By using the method according to the present invention, 
an improved classification accuracy is achieved. 

A particularly efficient yet relatively simple method for 
estimating parameters in general is the cross-entropy (CE) 
method. This iterative method comprises the repeated steps of 
drawing, in a parameterised way, a random sample of candi­
date solutions, and updating the parameters on the basis of the 
random sample. At the time of writing, the paper "A Tutorial 
on the Cross-Entropy Method" by P. T. de Boer et al. could be 
found at http://iew3.technion.ac.il/CE/tutor.php, said paper is 
herewith incorporated in this document in its entirety. 

In the method of the present invention, hyperparameter 

35 vectors obtained through randomly sampling a set of hyper-
parameter vectors are used to estimate a desired (that is, 
target) hyperparameter vector to be used in the classifier. Each 
hyperparameter vector preferably comprises two or more ele-
ments, that is hyperparameters, but it is also possible for a 

40 
hyperparameter vector to contain only a single hyperparam­
eter. Although the samples are preferably completely random, 

The paper "The cross-entropy method for classification" pseudo-random samples may be used instead. 

by S. Mannor, D. Peleg and R. Rubinstein, Proceedings of the 
22nd International Conference on Machine Leaming, 2005, 
discloses an application of the CE algorithm for searching the 
space of support vectors. Hyperparameter values are deter­
mined by using a simple grid search, not by using the CE 
algorithm, for the reasons discussed below. 

In a preferred embodiment, the method according to the 
45 present invention further comprises the steps of: 

selecting from the random sample a further hyperparam­
eter vector producing the best result in any previous 
iterations, and 

restricting the random sample of hyperparameter vectors 
by using the further selected hyperparameter vector. 

The step of restricting the random sample preferably involves 
the use of an interval surrounding the further selected hyper­
parameter vector which produces the best result in any pre­
vious iteration. 

The cross-entropy method as described in the above-men- 50 

tioned papers is unfortunately not suitable for determining 
hyperparameters. Determining optimal sets of hyperparam­
eter values is a difficult problem due to the extremely large 
size of the search space: the optimal solution typically is a rare 
event. While the cross-entropy method is geared towards 55 

sampling rare event spaces, it is not a priori clear how the 
process of drawing hyperparameter values can be parameter­
ised, as the hyperparameter samples are not classical param­
eterised probability density functions. 

It is preferred that the step of restricting the random sample 
is carried out prior to the step of determining the hyperparam­
eter vector producing the best result in the present and any 

60 previous iterations. However, in alternative embodiments, the 
step of restricting the random sample is carried out during the 
step of updating the estimate of the target hyperparameter 

SUMMARY OF THE INVENTION 

It is an object of the present invention to overcome these 
and other problems of the Prior Art and to provide a method 
and device for determining hyperparameters which allow 65 

efficient methods similar to the cross-entropy method to be 
utilized. 

vector. 

In a preferred embodiment, E' is the hyperparametervector 
X', at iteration t producing the best result S(X',) in the present 
iteration t and all previous iterations (if any). The random 
sample X', has elements X' if' while the step of updating the 
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hyperparameters comprises the step of determining the (tar­
get) hyperparameter v~, where 

~ l{S(Xf) 2 y')W(Xf; E')X{ 

vj = _i=_ln _______ _ 

~ /{S(X/) 2 y')W(X/; E') 
i=l 

wherein y' is a threshold value, Wis a weighting function and 
I {S(X,~~y'} is an indicator function which is equal to 1 if 
S(X,') greater than or equal to the threshold value y', and else 

4 
in that the step of updating the estimate of the target hyper­
parameter vector involves said selected hyperparameter vec­
tor. 

The processor may be arranged for carrying out the steps 
mentioned above by providing a suitable software program in 
the memory associated with the processor. Alternatively, or 
additionally, the processor may be designed specifically to 
carry out the steps mentioned above. 

A machine learning system comprising a device as defined 
10 above and/or arranged for carrying out the method as defined 

above is also provided by the present invention. The machine 
learning system may comprise hardware and/or software 
components. 

is equal to 0. The weighting function Wis preferably given by 
15 BRIEF DESCRIPTION OF THE DRAWINGS 

L (Xu-sJ2 
j=l 

W(Xf; E') = 1- -----;c==~-=== 

Accordingly, the step of updating the hyperparameters may 
involve a weighting function based upon a distance function, 
preferably a Euclidean distance function. It is noted that when 
the Euclidean distance between E' and X' if is zero, the weight­
ing function W is equal to one. 

20 

The present invention will further be explained below with 
reference to exemplary embodiments illustrated in the 
accompanying drawings, in which: 

FIG. 1 schematically shows a classifier having hyperpa­
rameters as input control variables. 

FIG. 2 schematically shows a device for determining 
hyperparameters according to the present invention. 

FIG. 3 schematically shows a machine learning system 
25 according to the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

The method according to the present invention is typically 
carried out by computer apparatus, for example a general 30 

purpose computer system comprising a processor and an 
associated memory, one part of the memory storing a soft­
ware program for instructing the processor to carry out the 
method steps of the present invention, and another part of the 
memory storing data, said data comprising the hyperparam- 35 

eter values referred to above. 

The classifier ( C) 1 shown schematically in FIG. 1 receives 
feature data FD and hyperparameters HP, and produces clas­
sification data CD. The feature data FD may include image 
data produced by a CCD (Charge Coupled Device) array or 
other light-sensitive device. Additionally, the feature data FD 
may include sound data or data concerning database items, 
such as library data (book numbers and titles). The classifier 
may be constituted by an apparatus (hardware embodiment), 
but is preferably constituted by a software program running 
on a computer apparatus, for example a general purpose com­
puter ("personal computer"), a dedicated computer, or other 

The present invention also provides a computer program 
product for carrying out the method as defined above. A 
computer program product may comprise a set of computer 
executable instructions stored on a data carrier, such as a CD 
or a DVD. The set of computer executable instructions, which 
allows a programmable computer to carry out the method as 
defined above, may also be available for downloading from a 
remote server, for example via the Internet. 

The present invention additionally provides a classifier for 
use in a machine learning system, the classifier being 
arranged for using hyperparameters as control parameters, 
wherein the hyperparameters have been determined by the 
method according to any of the preceding claims. The clas­
sifier is preferably embodied in software, but may also be 
embodied in hardware, or in a combination of hardware and 
software. 

The present invention still further provides a device for 
determining hyperparameters of a classifier in a machine 
learning system, the device comprising a processor arranged 
for iteratively producing estimates of a target hyperparameter 
vector, each iteration comprising the steps of: 

drawing a random sample ofhyperparameter vectors from 
a set of possible hyperparameter vectors, and 

updating the estimate of the target hyperparameter vector 
by using the random sample, 

40 suitable apparatus. 
The classifier 1 is capable of classifying the items repre­

sented by the input feature data FD. The feature data FD 
typically comprise parameters of the items, for example their 
size and/ or colour in the case of fruit or machine parts. Under 

45 control of the hyperparameters HP the items are each 
assigned to a class, for example "ripe" in the case of fruit. At 
least two different classes are used, and typically an item is 
assigned to one class only. 

The hyperparameters HP determine the decision function 
50 of the classifier that classifies items. For example, when this 

function is based upon thresholding, items producing an 
aggregate value ( derived from the feature values) equal to or 
greater than the threshold are assigned to class A, while items 
producing a value smaller than the threshold are assigned to 

55 class B. It is noted that other classification techniques may be 
used as well. 

Applications of the classifier 1 include picking fruit, sort­
ing parts (e.g. machine parts), classifying books, selecting 
songs, recognising adult video material, detecting damage, 

60 etc. 

the device being characterised in that the processor is 
arranged such that each iteration comprises the step of: 

selecting from the random sample a hyperparametervector 65 

producing the best result in the present iteration and any 
previous iterations, and 

The present invention allows a method similar to the cross­
entropy (CE) method to be used for estimating and determin­
ing hyperparameters. To this end, the present invention pro­
poses to include a memory facility into the algorithm by 
preserving samples which produce a good result (the result 
being defined by a suitable function, such as a loss function). 
Additionally, or alternatively, the sampling of candidate 
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hyperparameter settings is made dependent on the (hyper) 
parameter vector updated by the algorithm, and/or a suitably 
weighting function (also known as "change of measure" or 
"likelihood ratio" in the CE algorithm) guiding the search 
process should be provided. 

The method of the present invention uses parameters N, p 
andµ which are typically predetermined. It is noted that these 
parameters may be thought of as hyperparameters of the 
method but are distinct from the hyperparameters to be deter­
mined by the method. The parameter N represents the number 10 

of random draws; the parameter N may for example be equal 
to 10, 100 or 1000. 

In the iterations a parameter n is used which represents the 
size of each data vector, that is, the number of elements Xi/ of 

15 
each hyperparameter vector X, of the set of possible hyper­
parameter vectors. The parameter n may for example be equal 
to 5, 10 or 100, although other numbers are also possible. The 
parameter p represents a fraction and may have a value rang­
ing from 0.2 to 0.01, although other values may also be used. 20 
The width parameterµ, which will be explained in more detail 
below, indicates a preferred sampling interval. 

The initial set of target hyperparameters, the hyperparam­
eter vector u, can typically be chosen arbitrarily. Each esti­
mated (target) hyperparameter vector v' at point in time (or 25 
iteration number) t consists ofhyperparameters v~. 

In the present invention, the "best" hyperparameter vector 
v of iterations 1 ... tis kept for use in the next iteration and is 
denoted E'. This "best" ( or "elitist") hyperparameter vector is 
found using a function S(X~ which may be a loss function or 30 
any other suitable function producing a result value based 
upon X'. The value of S(X~ may also be viewed as an impor­
tance measure. The value ofX' corresponding with the maxi­
mum value ofS(X~ is denoted argmax S(X~. In addition, the 
values ofS(X~ are ranked and are used to determine a thresh- 35 
old y', involving p and N to determine the ( (1-p )N)'h value of 
the ranked values of S(X~. It is noted that the number ( (1-p) 
N) is not necessarily an integer and is therefore rounded up, 
expressed mathematically as r ( (1-p )Nl. 

Subsequently, the (target) hyperparameters are determined 40 
using an expression involving indicator functions 
I {S(X',)~y'} and weighting functions W(X,; E~. The indica­
tion functions are equal to 1 when S(X',)~y' and equal to 0 
when S(X',)<y'. The weighting functions W(X,; E~, also 
known as "change of measure" functions, have the data vector 45 
elements X, (actually X',) and E' as input variables. This 
implies that the best data vector E' of the present iteration is 
used to determine the (target) hyperparameters. 

The weighting function W (X',; E~ is preferably defined as: 

6 
random sample preferably is restricted by v'- 1

. Compute 
the performance S(X',) for every value of i and rank the 
results: s(l)~ ... ~s(n)· Compute y'=Spercentile and com-
pute E'=argmax v,~i ___ ,y'. 

4. For every (target) hyperparameter v~ let 

~ l{S(Xf) 2 y')W(Xf; E')X{ 

/. = _i=_l _______ _ 
J n 

~ /{S(X/) 2 y')W(X/; E') 
i=l 

(2) 

5. Let t:=t+l, repeat from step 3 until the stopping condition 
is met. 

The final set v of j (target) hyperparameters v1 is the desired 
optimal set. 

By using the best sample E~ in hyperparameter estimation/ 
update formula (2), the better results are reinforced, leading 
to a more efficient convergence of the method. In addition, 
discontinuity problems associated with hyperparameters are 
overcome by the method of the present invention. 

The stopping criterion (or condition) is preferably a non­
changing value of the parameter y' during a number of itera­
tions, but could also be a threshold value. The value Spercentile 

is determined using the ( (1-p )N) th value of S in the ranking 
Sci)~ ... ~S(n)' whereroundingupmaybeusedifthisvalue 
is not an integer. The weighting function W(X',; E~ used in 
formula (2) is preferably defined by formula (1) above. 

The method of the present invention may be summarized as 
deriving a target hyperparameter vector from a random 
sample of hyperparameter vectors while taking the perfor­
mance of the hyperparameters of the random sample into 
account. 

The restriction which may be applied when generating a 
random sample at time t in step 3 may be defined by the 
interval: 

[v';*(l-µ),v';*(l +µ)] (3) 

whereµ is a width parameter and"*" denoted multiplication. 
If the sample X', lies within this interval, its distance relative 
to the best sample E~ of the previous iteration is limited to the 
value ofµ. It is noted that the use of this interval is preferred 
but not essential as the method of the present invention could 
be carried out without using this interval. 

The device 2 for determining hyperparameters comprises a 
processor (µP) 21 and an associated memory (M) 22. The 
memory stores both instructions for the processor and data. 
The device 2 receives parameters P (more in general: feature 

(1) 

50 data), such as the parameters p andµ mentioned above, and 
outputs hyperparameters HP. The stored instructions allow 
the processor to carry out the method according to the present 
invention. 

This function produces a value of 1 when the Euclidean 
distance between a sample and the "best" sample is 0. 

Accordingly, a preferred embodiment of the method 
according to the present invention comprises the following 
steps: 
1. Choose initial parameters N, p andµ and generate an initial 

(target) hyperparameter vector u. 
2. Let v0 =E0 =u and set iteration number t=l. 
3. Generate a random sample X'i, ... , X'n ofhyperparameters 

drawn from a (given) set of possible hyperparameters. The 

The machine learning system 10 shown merely by way of 
55 non-limiting example in FIG. 3 comprises a classifier (C) 1 

and a device (H) 2 for determining hyperparameters. The 
machine learning system 10 may further comprise at least one 
sensor (S) 3 and a display screen (D) 4. The sensor 3 serves to 
collect data while the display screen 4 serves to display clas-

60 sification result and other data. 
The present invention is based upon the insight that meth­

ods similar to the cross-entropy method can be adapted for 
hyperparameter estimation by adding a best performance 
preservation feature. The present invention benefits from the 

65 additional insight that the best performance in a particular 
iteration may be preserved by restricting the sample using the 
best performance of the previous iterations. 
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It is noted that any terms used in this document should not 
be construed so as to limit the scope of the present invention. 
In particular, the words "comprise(s )" and "comprising" are 
not meant to exclude any elements not specifically stated. 
Single (circuit) elements may be substituted with multiple 
( circuit) elements or with their equivalents. 

8 

~ /{S(Xf) 2 y')W(Xf; E')X{ 
/. = _i=_l _______ _ 

J n 

~ /{S(X/) 2 y')W(X/; E') 
i=l 

It will be understood by those skilled in the art that the 
present invention is not limited to the embodiments illustrated 
above and that many modifications and additions may be 
made without departing from the scope of the invention as 
defined in the appending claims. 

wherein y' is a threshold value and Wis a weighting function. 
10. The method according to claim 9, wherein the weight­

IO ing function Wis given by 

The invention claimed is: 
1. A method of determining hyperparameters of a classifier 15 

in a machine learning system by iteratively producing an 
estimate of a target hyperparameter vector, each iteration 
comprising the steps of: 

drawing a random sample ofhyperparameter vectors from 
a set of possible hyperparameter vectors, 

updating the estimate of the target hyperparameter vector 
by using the random sample, and 

20 

selecting, from the random sample ofhyperparameter vec­
tors, a hyperparameter vector producing a best result in 
the present and any previous iterations, and wherein the 25 

step of updating the estimate of the target hyperparam­
eter vector uses said hyperparameter vector producing 
the best result. 

~(Xb-E'IJ2 
j=l 

11. The method according to claim 1, wherein the steps are 
carried out by a programmed computer apparatus including a 
processor and a computer readable medium including com­
puter executable instructions. 

12. A classifier for use in a machine learning system, the 
classifier using hyperparameters as control parameters, 
wherein the hyperparameters are determined according to the 
set of steps recited in claim 1. 

13. A non-transitory computer readable medium product 
including computer-executable instructions for carrying out a 

2. The method according to claim 1, further comprising the 
steps of: 

selecting a further hyperparameter vector producing the 
best result in any previous iterations, and 

30 
method of determining hyperparameters of a classifier in a 
machine learning system by iteratively producing an estimate 
of a target hyperparameter vector, each iteration comprising 
the steps of: 

restricting the random sample of hyperparameter vectors 
by using the further selected hyperparameter vector. 

3. The method according to claim 2, wherein the step of 
restricting the random sample of hyperparameter vectors 
involves using an interval surrounding the further selected 
hyperparameter vector. 

35 

drawing a random sample ofhyperparameter vectors from 
a set of possible hyperparameter vectors, 

updating the estimate of the target hyperparameter vector 
by using the random sample, and 

selecting, from the random sample ofhyperparameter vec-
tors, a hyperparameter vector producing a best result in 
the present and any previous iterations, and wherein the 
step of updating the estimate of the target hyperparam­
eter vector uses said hyperparameter vector producing 
the best result. 

4. The method according to claim 3, wherein the step of 40 

restricting the random sample of hyperparameter vectors is 
carried out prior to the step of selecting the hyperparameter 
vector producing the best result in the present and any previ­
ous iterations. 

14. A device for determining hyperparameters of a classi­
fier in a machine learning system, the device comprising a 

45 processor arranged for iteratively producing an estimate of a 
target hyperparameter vector, each iteration comprising the 
steps of: 

5. The method according to claim 3, wherein the step of 
restricting the random sample of hyperparameter vectors is 
carried out during the step of updating the estimate of the 
target hyperparameter vector. 

6. The method according to claim 2, wherein the step of 
restricting the random sample of hyperparameter vectors is 

50 

carried out prior to the step of selecting the hyperparameter 
vector producing the best result in the present and any previ-
ous iterations. 

7. The method according to claim 2, wherein the step of 55 
restricting the random sample of hyperparameter vectors is 
carried out during the step of updating the estimate of the 
target hyperparameter vector. 

8. The method according to claim 1, wherein the step of 
updating the estimate of the hyperparameter vector uses a 60 

weighting function. 
9. The method according to claim 1, wherein E' is the 

selected hyperparametervector X', at iteration t producing the 
best result S(X',), the selected hyperparameter vector X', hav­
ing elements X' if' wherein the step of updating the estimate of 65 

the target hyperparameter vector comprises the step of deter­
mining the hyperparameter v~, where 

drawing a random sample ofhyperparameter vectors from 
a set of possible hyperparameter vectors, 

updating the estimate of the hyperparameter vector by 
using the random sample, and 

selecting, from the random sample ofhyperparameter vec-
tors, a hyperparameter vector producing a best result in 
the present and any previous iterations, and wherein the 
step of updating the estimate of the target hyperparam­
eter vector uses said hyperparameter vector producing 
the best result. 

15. The device according to claim 14, wherein the proces­
sor is further arranged for: 

selecting a further hyperparameter vector producing the 
best result in any previous iterations, and 

restricting the random sample by using the hyperparameter 
vector producing the best result in any previous iteration. 

16. A machine learning system, comprising the device for 
determining hyperparameters of a classifier defined in claim 
14. 

* * * * * 
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