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Agenda

• The KDD Process Model
– Selection
– Preprocessing
– Transformation
– Data Mining
– Interpretation/Evaluation

• import finis
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“It is a capital mistake to theorize 
before one has data.” 

Sherlock Holmes, 
“A Study in Scarlett” (Arthur Conan Doyle).



The KDD Process Model

[1
]
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Selection

• Data acquisition

• Managing the data

• Selection of relevant data

– Focusing on a subset of variables or data 
samples

Data
Target 
Data
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Reading in data

• From a csv file
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import pandas as pd

#read in a csv file into a data frame (df):

df = pd.read_csv('filename.csv')

#read in a csv file … without the header

df = pd.read_csv('filename.csv', header=None)

#read in a csv file … with individual column names

df = pd.read_csv('filename.csv', names=['col0','col1'…'coln'])

Index Column0 … ColumnD

0

1

…

n

What is a data frame? 

2D labeled data structure
with independent columns
of potentially different 
types.



Reading in data

• From a csv file
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#read in a csv file … skipping the first k rows

df = pd.read_csv('filename.csv', skiprows=k)

#read in a csv file … using only specific columns

df = pd.read_csv('filename.csv', usecols=[colindexB, colindexA,…])



filtering data rows

• By specific conditions
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#filtering a data frame by multiple conditions

df[(df.colName pred val) boolOP (df.colName pred val) … boolOP (df.colName pred val)]

𝑝𝑟𝑒𝑑 ∈ {<,>,≤,≥,==,≠ ⋯} 𝑏𝑜𝑜𝑙𝑂𝑃 ∈ {&, |, !,^ …}



Pitfall time:
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Pitfall time:
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Pitfall time:
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Preprocessing

• Integrate data from different sources

• Completion of data /
handling missing values

• Denoising of data where appropriate

Target 
Date

Preprocessed
Data
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• From multiple csv files
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import pandas as pd

import glob

import os

#path where all the csv files are located

path =r'/path/to/csvfiles/'

#creates a list of filepaths for each csv file

listOfFilepaths = glob.glob(os.path.join(path, "*.csv"))

#concatenate a list of data frames

pd.concat((pd.read_csv(file) for file in listOfFilepaths))

Core assumption:
All csv files in the directory 
have the same structure/layout

Module for detecting 
pathnames following a 
specific pattern. 
Here: ending with .csv

PreprocessingReading in data



"Raw data is mostly dirty" – Data cleansing

• Finding missing values
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#returns which of the values of a column are missing

df.isna(df['colName'])

#returns for an entire data frame if values are missing

df.isna()



"Raw data is mostly dirty" – Data cleansing

• Replacing missing values (NaN, None, NaT etc.)
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#fills missing values of a column with a default value

df['colName'].fillna(valueToFill)

# fills missing values of the entire data frame with a default value 

df.fillna(valueToFill)

valueToFill can be either a 
string or an float, int etc.



"Raw data is mostly dirty" – Data cleansing

• Wrong data type
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Problem statement:
Pandas data frame column is parsed as string but should be a 
numeric value

#convert the values of a specific column to numeric values

pd.to_numeric(df['columnName'])



Pitfall time

• Wrong data type
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Problem statement:
Pandas data frame column is parsed as string but should be a numeric value

But: what about NaN's or other non-nummeric values?



Pitfall time

• Wrong data type
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Problem statement:
Pandas data frame column is parsed as string but should be a 
numeric value

Solution: coerce !



Transformation

• Deriving new attributes:

– Grouping and aggregating

• Selection of relevant attributes

– Dimensionality reduction

Preprocessed
Data

Transformed
Data
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Transformation

• Deriving new attributes:
– Grouping and aggregating

19

#group original data frame by specific column

dfgrouped = df.groupby('columnName')

#printing all grouped elements

for name,group in dfgrouped:

print(name)

print(group)



Transformation

• Dimensionality reduction
– Principal Component Analysis (PCA)

• Select the (k-)dimensions with the
highest variance
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ℎ𝑒𝑖𝑔ℎ𝑡
𝑤𝑒𝑖𝑔ℎ𝑡

𝑑𝑎𝑖𝑙𝑦 𝑐ℎ𝑜𝑐𝑜𝑙𝑎𝑡𝑒 𝑐𝑜𝑛𝑠.
𝑠𝑎𝑙𝑎𝑟𝑦

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑤𝑜𝑟𝑘
ℎ𝑒𝑎𝑟𝑡 𝑟𝑎𝑡𝑒

…

Which one are the most important dimensions? 
What does ‚most important‘ mean?

Given a data matrix 𝑋
of the following 
structure:

𝑋 =
⋯

⋮ ⋱ ⋮
⋯

dimensions

Data 
points



Transformation

• Steps of PCA:
– Centering Data
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ℎ𝑒𝑖𝑔ℎ𝑡
𝑤𝑒𝑖𝑔ℎ𝑡

𝑑𝑎𝑖𝑙𝑦 𝑐ℎ𝑜𝑐𝑜𝑙𝑎𝑡𝑒 𝑐𝑜𝑛𝑠.
𝑠𝑎𝑙𝑎𝑟𝑦

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑤𝑜𝑟𝑘
ℎ𝑒𝑎𝑟𝑡 𝑟𝑎𝑡𝑒

…
Mean vector:  𝜇 =

1

𝑁
 𝑖 𝑋𝑖

Centering data:  𝑋 = 𝑋 −  𝜇



Transformation

• Steps of PCA:
– Compute the covariance matrix
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ℎ𝑒𝑖𝑔ℎ𝑡
𝑤𝑒𝑖𝑔ℎ𝑡

𝑑𝑎𝑖𝑙𝑦 𝑐ℎ𝑜𝑐𝑜𝑙𝑎𝑡𝑒 𝑐𝑜𝑛𝑠.
𝑠𝑎𝑙𝑎𝑟𝑦

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑤𝑜𝑟𝑘
ℎ𝑒𝑎𝑟𝑡 𝑟𝑎𝑡𝑒

…
𝑐𝑜𝑣 𝑋 ≈  Σ =

1

𝑁
 𝑋𝑇  𝑋

What is actually the covariance matrix?

(𝑋1 − µ1)
2 ⋯ (𝑋1 − µ1)(𝑋𝑛 − µ𝑛)

⋮ ⋱ ⋮
(𝑋𝑛 − µ𝑛)(𝑋1 − µ1) ⋯ (𝑋𝑛 − µ𝑛)

2
=

𝑉𝑎𝑟(𝑋1) ⋯ 𝐶𝑜𝑣(𝑋1, 𝑋𝑛)
⋮ ⋱ ⋮

𝐶𝑜𝑣(𝑋𝑛, 𝑋1) ⋯ 𝑉𝑎𝑟(𝑋𝑛)



Transformation

• Steps of PCA:
– Compute the eigenpairs

(eigenvalues, eigenvectors)
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ℎ𝑒𝑖𝑔ℎ𝑡
𝑤𝑒𝑖𝑔ℎ𝑡

𝑑𝑎𝑖𝑙𝑦 𝑐ℎ𝑜𝑐𝑜𝑙𝑎𝑡𝑒 𝑐𝑜𝑛𝑠.
𝑠𝑎𝑙𝑎𝑟𝑦

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑤𝑜𝑟𝑘
ℎ𝑒𝑎𝑟𝑡 𝑟𝑎𝑡𝑒

…

Compute: det  Σ − 𝜆𝐼  yields eigenvalues 𝜆1, 𝜆2, … , 𝜆𝑑, where d:=dimensionality

What is the intuition of eigenvalues?
 Represent the variance along the corresponding principal component



Transformation

• Steps of PCA:
– Compute the eigenpairs

(eigenvalues, eigenvectors)
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ℎ𝑒𝑖𝑔ℎ𝑡
𝑤𝑒𝑖𝑔ℎ𝑡

𝑑𝑎𝑖𝑙𝑦 𝑐ℎ𝑜𝑐𝑜𝑙𝑎𝑡𝑒 𝑐𝑜𝑛𝑠.
𝑠𝑎𝑙𝑎𝑟𝑦

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑤𝑜𝑟𝑘
ℎ𝑒𝑎𝑟𝑡 𝑟𝑎𝑡𝑒

…

What is the intuition of eigenvectors?
Directions among which the transformation is invariant.

Solve   Σ𝑣𝑖 = 𝜆𝑖𝑣𝑖 to compute the eigenvectors

Eigenvectors:   𝑈 =

𝑣11
⋯ 𝑣𝑑1

⋮ ⋱ ⋮
𝑣1𝑑

⋯ 𝑣𝑑𝑑



Transformation

• Steps of PCA:
– Select the (k-)relevant principle components

– Project the data points to the lower
dimensional representation
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ℎ𝑒𝑖𝑔ℎ𝑡
𝑤𝑒𝑖𝑔ℎ𝑡

𝑑𝑎𝑖𝑙𝑦 𝑐ℎ𝑜𝑐𝑜𝑙𝑎𝑡𝑒 𝑐𝑜𝑛𝑠.
𝑠𝑎𝑙𝑎𝑟𝑦

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑤𝑜𝑟𝑘
ℎ𝑒𝑎𝑟𝑡 𝑟𝑎𝑡𝑒

…

Use e.g. elbow method.

𝑌 =  𝑋 ∙ 𝑈 Sketch time …



Transformation

• Steps of PCA:
– Centering of the data
– Computing covariance
– Computing eigenpairs
– Selecting top (k-)principal

components
– Projecting data points to lower

dimensional representation
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Transformation

• PCA in Python using sklearn

27

from sklearn import decomposition

#given a data matrix X, create PCA object

pca = decomposition.PCA()

#fit the model with X and perform dim. reduction on X

pca.fit_transform(X)



Transformation

• PCA in Python using numpy

28

Pitfall time!



• PCA in Python using numpy
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import numpy as np

#given a data matrix X, compute the mean vector

xcent = X – np.mean(X)

#compute the covariance matrix

cov = np.cov(xcent, rowvar = False)

#compute eigenvalues and eigenvectors

evals, evecs = np.linalg.eig(cov)

#sort the eigenvectors according to the eigenvalues

idx = np.argsort(evals)[::-1]

evecs = evecs[:,idx]

evals = evals[idx]

a = np.dot(xcent, evecs)

Need to sort eigenvalues and eigenvectors  
accordingly in descending order!

Transformation



• PCA in Python using numpy
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Another pitfall? 

Different signs!

But why?

Transformation



• PCA in Python using numpy
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Different covariance matrices?

numpy sklearn

Transformation



• PCA in Python using numpy
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Different eigenvectors?
numpy sklearn

Why?
Sklearn performs a singular value decomposition (SVD)
The results are not unique with regards to the singular
vectors regarding their signs

Is that bad?
Still same eigenvectors, since eigenvectors don't have a sign
Eigenvectors still have the same eigenvalue.

Transformation



Transformation

• What does a PCA aim for and when is it
most helpful?

- Removing redundant or noisy features

- Reducing dimensionality to ‚relevant‘ 
dimensions

- Assumption: 
expressiveness of observed variables as a 
linear combinations of hidden variables.
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Transformation

• Words of caution:

- Loss of potentially relevant structures

- Outliers may heavily skew the PCA 
transforamtion

34

here could be your sketch…



• PCA in Python using numpy
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Transformation



Data Mining

• Generating Patterns or Models

– Applying clustering methods

Transformed
Data

Patterns

36

Clustering

Partitioning Density-based Hierarchical Subspace

Axis-parallel

Arbitrary-
oriented

(correlation
clustering)

Spectral …



Data Mining

• Generating Patterns or Models
– Clustering with sklearn

• Using k-means, with k=2
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Data Mining

• Generating Patterns or Models
– Clustering with sklearn

• Using k-means
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Data Mining

• Generating Patterns or Models
– Clustering with sklearn

• Using k-means
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Data Mining

• Generating Patterns or Models
– Clustering with sklearn

• Using k-means
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Data Mining

• Generating Patterns or Models
– Clustering with sklearn

• Using k-means

41

from sklearn.cluster import Kmeans

#given a dataset X

kmeans = KMeans(n_clusters=k).fit(X)

#cluster labels

kmeans.labels_

#given a set of points,  assign their cluster 

labels

kmeans.predict([p1, p2, …,pn])

#returns the centroids

kmeans.cluster_centers_

Rule of thumb:
Clustering functions in 
sklearn have in common:

- A fit function
- A labels field
- A predict function



Interpretation/Evaluation

• Evaluation of the relevance by the user

– Visualizations
(scatter, pairplots, heatmaps)

Patterns Knowledge

42



Interpretation/Evaluation

• Evaluation of the relevance by the user
– Visualizations

• Scatter Plot
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import numpy as np

import matplotlib.pyplot as plt

#given a (numpy) array of data points dpts

#get an array for each of the dimensions

x, y = zip(*dpts)

#or…

x, y = (dpts[ : , 0], dpts[ : , 1])

plt.scatter(x, y)

plt.show()



Interpretation/Evaluation

• Evaluation of the relevance by the user
– Visualizations

• Scatter Plot

44

from sklearn.cluster import Clusteringmethod

import matplotlib.pyplot as plt

#given a (numpy) array of data points dpts

model = Clusteringmethod(clusterspecificparameters).fit(dpts)

x, y = (dpts[ : , 0], dpts[ : , 1])

plt.scatter(x,y, c=model.labels_.astype(float))

How do we plot the resulting clusters from
sklearn?



Interpretation/Evaluation
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import pandas as pd

import seaborn as sns

import matplotlib.pyplot as plt

from sklearn.cluster import Clusteringmethod

#given a numpy array dpts, convert it to a pandas data frame

df = pd.Data Frame(dpts, col=columnList)

#perform clustering on the data frame

model = Clusteringmethod(clusterspecificparameters).fit(df)

#create a column in the data frame for the labels

df[“label”] = model.labels_.astype(str)

g = sns.PairGrid(ds, hue="label", hue_order=["0", "1"])

g.map(plt.scatter)

g.add_legend()

How to plot multidimensional data?  Pair Grids



Interpretation/Evaluation
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[1]

pandas

numpy/scipy, sklearn
matplotlib, seaborn

The KDD Process Model



Parallelization?

• Hadoop/Spark/Flink

– With different ML Libraries on top

or write same code as with 
NumPy/pandas/scikit-learn with

• Dask ML

– distributes computation on cluster

48



Dask arrays
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import dask.array as da

x = da.random.random((10000, 10000), chunks=(1000, 1000))

y = x + x.T

z = y[::2, 5000:].mean(axis=1)

z.compute()

z.persist()

Numpy
Array Dask

Array



Dask dataframes
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import dask.dataframe as dd
df = dd.read_parquet('...')

df2 = df[df.y > 0]
df2.persist()
df3 = df2.groupby('name').x.std()

df.loc['2000-01-05']

Pandas
DataFrame Dask

DataFrame



Scikit-learn with Dask (estimators)
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from sklearn.svm import SVC
from sklearn.model_selection import GridSearchCV

param_grid = {"C": [0.001, 0.01, 0.1, 0.5, 1.0, 2.0, 5.0, 
10.0],

"kernel": ['rbf', 'poly', 'sigmoid'],
"shrinking": [True, False]}

grid_search = GridSearchCV(SVC(gamma='auto', 
random_state=0, probability=True),

param_grid=param_grid,                         
cv=3,
n_jobs=-1)

from sklearn.externals import joblib

with joblib.parallel_backend('dask'):
grid_search.fit(X, y)



Beyond scikit-learn
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import dask_ml.datasets
import dask_ml.cluster

X, y = 
dask_ml.datasets.make_blobs(n_samples=10000000,

chunks=1000000,
random_state=0,
centers=3)

X = X.persist()

km = dask_ml.cluster.KMeans(n_clusters=3, 
init_max_iter=2, oversampling_factor=10)
km.fit(X)



Finis

• Various frameworks available in context of the KDD process
• Some pitfalls  closer look at how things are implemented
• Most of the basic taks can be defined as templates
• We just scratched the surface
• Many more tools available
• There is no „holy grail“ package/solution
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Finis
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What are your experiences
with Python and data mining? 



import antigravity
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