Tanagra R.R.

Subject

Handling a large dataset with ID3 decision tree algorithm.

In the data mining domain, the increasing size of the dataset is one of the major challenges in the
recent years. Fifteen years ago, a dataset with 5,000 examples and 22 variables, such the famous
"wave" (Breiman and al., 1984), was considered as a large file in the machine learning community.
Today, the files know a very fast evolution according the areas: an increasing number of
observations, such as in the marketing domain; or an increasing number of descriptors, in the
bioinformatics domain for instance, in fact in the domains where we deal with unstructured dataset

and we generate descriptors automatically.

The ability to handle large data sets is an important criterion to distinguish between research and
commercial software. Commercial tools have often a very efficient data management systems,

limiting the amount of data loaded into memory at each step of the treatment.

Research tools, at the opposite, load all data in memory. The limits are clearly the memory capacity
of the machine in this context. It is certainly a drawback for the treatment of large files. We note
however that, nowadays, you can have very powerful personal computers at less cost. This drawback
is continuously postponed. With an appropriate encoding strategy, we can fit all the data in memory,

even if we handle a large data file'.

In this tutorial, we show how to import a file with 581,012 observations and 55 variables, and then
how to build a decision tree with the ID3 method. In relation to other decision tree algorithm such as
C4.5 or CART, the determination of the right size of the tree is based on a pre-pruning rule. We will

see that the computation is fast because of this characteristic.

Our Personal Computer is a quite banal machine of which characteristics were measured with a
shareware version of SiSoftware Sandra. It is a Celeron 2.53 GHz with 1 GB RAM running Windows XP
SP2. This information is important because it allows the reader to compare the performance

reported in this tutorial with the ones you get on your own computer.

! See for instance http://data-mining-tutorials.blogspot.com/2009/01/performance-comparison-under-linux.html

2 See http://data-mining-tutorials.blogspot.com/2008/11/decision-tree-and-large-dataset.html for the performance

comparison of various free tools on C4.5 algorithm.
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Dataset

The data file COVTYPE contains 581102 examples and 54 discrete (or discretized) descriptors. The

class attribute have 7 values. The size of the file, in the text format, is 62 MB>.
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® http://eric.univ-lyon2.fr/~ricco/tanagra/fichiers/covtype.zip
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ID3 on a large dataset

Importing the data

First, we create a new diagram (FILE / NEW) and we select the data file (COVTYPE.TXT).

_ TANAGRA 1.4.4
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We validate by clicking on OK. A bar shows the progression. We note that we can interrupt the
operation with the CANCEL button if we want.
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The calculation time is 27 seconds. The memory occupation of the dataset is about 31 MB.
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Specifying the type of the variables

We insert the DEFINE STATUS component

into the diagram in order to define the type of the

variables. We set CLASS as TARGET, all the others as INPUT.
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ID3

We must define the supervised learning algorithm. We make the operation by two steps: (1) we
insert the SPV LEARNING component (META SPV LEARNING tab), this component instantiates the

learning method;
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(2) Then, we insert the learning algorithm i.e. ID3 (SPV LEARNING tab)®.

* For the simple instantiation, we can directly insert the learning method (e.g. ID3); the meta supervised learning

component is automatically added. This simplified way is not possible for more complex meta-algorithm such as boosting or

bagging. In this situation, we must explicitly observe these two steps.
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We obtain the results by clicking on the contextual VIEW menu.
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There are 927 leaves into the tree. In this case, the interpretation of the tree is not really possible.

Most interesting in this tutorial is the calculation time. We get the low part of the results. We

observe the following’:

®> TANAGRA automatically generates a log file DEBUGFILE.TXT where all operations during the processing and the associated

execution times are kept. It is possible to consult this file.
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10 seconds are enough to get the tree. In addition, the real memory occupation into the OS is

moderate in regard of the size of the dataset (about 54 MB).
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Conclusion

Loading the entire dataset into the memory for a data mining process seems to be an
unsophisticated approach, especially when we deal with a very large dataset. Yet, the majority of

free tools use this strategy. Can we believe that these tools are not usable in a real project?

The answer is more subtle. Because of the increasing performance of the PC (fifteen years ago, a PC
with 32 MB memory was considered as a performing tool) and a judicious data structure, the
capacity of the tools which handle the whole dataset in memory remains important. In this tutorial,
the computation is feasible on a data file with 581102 examples and 54 predictive attributes; we can

create a decision tree in a very fast time.

NOTE

As a confirmation of this conclusion, our PC has changed since this version of tutorial was written
(March 2006). Three years later (April 2009), | use a PC Quad Core Q9400 at 2.66 GHz under
Windows Vista. The internal structure is slightly improved, especially by using a better memory
management structure (since Tanagra version 1.4.30). In this context, the data importation time
becomes 6.7 seconds (versus 27 seconds) and the decision tree construction time becomes 3.6

seconds (versus 10 seconds). The memory occupation remains the same.
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