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

e The KDD Process Model

Sherlock Holmes,

—_— S e | ecti O n “A Study in Scarlett” (Arthur Conan Doyle).
— Preprocessmg S BOE Gt
— Transformation mumms:L
. . LRE
— Data Mining VE CAY- "“F"“ﬁ"”'
— Interpretation/Evaluation
* Import finis @ . RIG
PYTHON.
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The KDD Process Model

Interpretation /




e Data acquisition

* Managing the data

 Selection of relevant data

— Focusing on a subset of variables or data
samples



Reading Iin data

What is a data frame?

Index ColumnO | ... ColumnD

. From a csv file

import pandas as pd
2D labeled data structure
#read in a csv file into a (df): with independent columns

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

of potentially different
types.

#read in a csv file ...

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

#read in a csv file ...
df = pd.read_csv('filename.csv',




Reading Iin data

. From a csv file

#read in a csv file ...
df = pd.read_csv('filename.csv',

#read in a csv file ...
df = pd.read_csv('filename.csv',




filtering data rows

« By specific conditions

pred € {<,> <,=>,==,+ -} boolOP € {&,|,!," ...}



Pitfall time:

=

customer_id, icecream,money_spent, rating ALiT-Sion

@, chocolate, 2, awesome
., vanilla, . , awesome
2, chocolate, ., awfull
NA, vanilla, 2, okay

In [28]: dfd4 = pd.read csv('icecream3f.csv')

In [33]: df4['rating']



Pitfall time:

/anaconda3/lib/python3.6/site-packages/pandas/core/frame.py in _ getitem (self, key)

1962 return self. getitem multilevel(key)
1963 else:

-> 1964 return self. getitem column(key)
1965
1966 def _getitem column(self, key):

/anaconda3/lib/python3.é/site-packages/pandas/core/frame.py in getitem column(self, key)

1969 # get column
1970 if self.columns.is_unique:
-> 1971 return self. get_item cache(key)
In [28]: df4 = pd.read csv('icecream3f.c 1972
1973 # duplicate columns & possible reduce dimensionality
In [33]: df4[’'rating’] /anaconda3/lib/python3.6/site-packages/pandas/core/generic.py in _get item cache(self, item)
1643 res = cache.get(item)
1644 if res is None:
=> 1645 values = self. data.get(item)
1646 res = self. box item values(item, values)
1647 cache[item] = res

/anaconda3/lib/python3.6/site-packages/pandas/core/internals.py in get(self, item, fastpath)

3588
3589 if not isnull(item):
-> 3590 loc = self.items.get_loc(item)
3591 else:
3592 indexer = np.arange(len(self.items))[isnull(self.items)]

fanaconda3/lib/python3.6/site-packages/pandas/core/indexes/base.py in get loc(self, key, method, tolerance)

2442 return self._ engine.get_loc(key)
2443 except KeyError:
-> 2444 return self. engine.get loc(self. maybe cast_indexer(key))
2445
2446 indexer = self.get indexer([key], method=-method, tolerance=tolerance)

pandas/_libs/index.pyx in pandas._libs.index.IndexEngine.get_loc()
pandas/ libs/index.pyx in pandas. libs.index.IndexEngine.get loc()
pandas/_libs/hashtable class_helper.pxi in pandas. libs.hashtable.PyObjectHashTable.get_item()

pandas/_libs/hashtable class_helper.pxi in pandas._libs.hashtable.PyObjectHashTable.get_item()

rat.




Pitfall time:

customer_id, 1lcecream,money_spent, rating
@, chocolate, 2, awesome

.y vanilla, . , awesome

2, chocolate, ., awfTull

NA, vanilla, 2, okay

In [34]: dfd4[' rating']

Out[34]: 0 awesome
1 awesome
2 awfull
3 okay
Name: rating, dtype: object
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Preprocessing

arge Preprocessed
Date Data

* Integrate data from different sources

« Completion of data/
handling missing values

* Denoising of data where appropriate




Reading Iin data

Core assumption:
in the directory
have the

 From multiple csv files

import pandas as pd Module for detecting
import glob » pathnames following a
import os specific pattern.

Here: ending with .csv

#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. ((pd.read_csv(file) for file in listOfFilepaths))
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"Raw data i1s mostly dirty" — Data cleansing

* Finding missing values

#returns which of the values of are missing
df. <112 (df['colName'])

#returns for an if values are missing
df.isna()

“This is not what I meant when I said ‘we need better
data cleansing!””

www.iwaysoftware.com/go/dataquality



"Raw data i1s mostly dirty" — Data cleansing

* Replacing missing values (NaN, None, NaT etc.)

#fills missing values of with a default value
df['colName'].fillna(valueTokill)

# fills missing values of the entire data frame with a default value
df. (valueToFill)

valueTolFill can be either a
string or an float, int etc.
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"Raw data i1s mostly dirty" — Data cleansing

 Wrong data type

Problem statement:
Pandas data frame column is parsed as string but should be a

numeric value

# the values of a
pd. (df['columnName'])

15



Pitfall time

* Wrong data type

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

customer_id ut: what about s or other non-nummeric values?

0
pd.to numeric (df2[ ‘customer id'])
2 ValueError Traceback (most recent call last)
pandas/_libs/src/inference.pyx in pandas._libs.lib.maybe convert numeric()
Nah
valueError: Unable to parse string "."
5
During handling of the above exception, another exception occurred:
& ValueError Traceback (most recent call last)
<ipython-input-36-8le39cee26a3> in <module>()
9 ----> 1 pd.to_numeric(df2[ 'customer_id'])
10 /anaconda3/1ib/python3.6/site-packages/pandas/core/tools/numeric.py in to_numeric(arg, errors, downcast)
124 coerce_numeric = False if errors in ('ignore', 'raise’') else True
1 125 values = lib.maybe convert numeric(values, set(),
--> 126 coerce_numeric=coerce_numeric)
12 127
128 except Exception:
13 pandas/_libs/src/inference.pyx in pandas. libs.lib.maybe convert numeric()
14 ValueErrori Unable to parse string "." at pesition 1
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Pitfall time

* Wrong data type

1 DON'T ALWAYS CONVERT
COLUMNS T0 NUMERIC VALUES

EgR
SvE

Problem statement: | - 4
Pandas data frame column is parsed as string but should be a | 4 :
numeric value ‘ % '

customer_id

Solution: !

pd.to_numeric(df2[ 'customer_ id'], errors='coerce')

0 0.0
1 NalN
2 2.0
3 Nan
0 5.0
1 6.
2 9.
0 10.
11 1 11.
2
3
4
Name

l
BUT WHEN 1 DO, =
IUSECOERCE

12.
13.

Lo TR e Y e Y s e [ .

14.0
: customer_id, dtype: float6d
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Transformation

* Deriving new attributes:
— Grouping and aggregating

* Selection of relevant attributes
— Dimensionality reduction

18



Transformation

* Deriving new attributes:
— Grouping and aggregating

# original data frame
dfgrouped = df. (‘columnName')

#printing all grouped elements

for name,group in dfgrouped:
print(name)
print(group)

19



Transformation

height \
* Dimensionality reduction weight
— Principal Component Analysis (PCA) daily Cho‘;date cons:
+ Select the (k-)dimensions with the ANt
highest variance heart rate /

Which one are the most important dimensions?
What does ,most important’ mean?

Given a data matrix X N .
. X = : . : Data
of the following :
) points
structure:
dimensions

20



Transformation

/ height \
« Steps of PCA: ~ weight
— Centering Data weily C’;‘;‘;Zf;te cons.

distance to work
\ heart rate /

Mean vector: fi = % i X

Centering data: X = X — i

21



Transformation

/ height \
« Steps of PCA: ~ weight
— Compute the covariance matrix daily C’;Zizic;te cons.

distance to work
\ heart rate /

. 1 .. .
cov(X) = X = NXTX

What is actually the covariance matrix?

( (Xl _ p-l)z (Xl - U1).(Xn - p-n)) ( Var.(Xl) COU().(l:Xn)>
(Xn - p-n).(Xl - |~11) (Xn _ Un)z COU().(n, Xl) Var.(Xn)
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Transformation

/ height \
« Steps of PCA: weight
. . daily chocolate cons.
— Compute the eigenpairs salary
(elgenvalues, eigenvectors) ISR B0 VTS

\ heart rate /

Compute: det(E — AI) = yields eigenvalues A, 1, ..., 4q, where d:=dimensionality

What is the intuition of eigenvalues?
- Represent the

23



Transformation

« Steps of PCA:

— Compute the eigenpairs / height \

(eigenvalues, eigenvectors) weight
daily chocolate cons.
salary
Solve vai = Aivilto compute the eigenvectors distance to work

\ heart rate /

vll cee vdl
Eigenvectors: U = ¢ ™ :
vl ) vd

d d

What is the intuition of eigenvectors?
—>Directions among which the transformation is invariant.
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Transformation

Steps of PCA:

— Select the (k-)relevant principle components

— Project the data points to the lower height
dimensional representation / weight
daily chocolate cons.
salary
Use e.g. distance to work
\ heart rate
Y=X-U Sketch time ...

|

/

25



Transformation

« Steps of PCA:

Centering of the data
Computing covariance
Computing eigenpairs
Selecting top (k-)principal
components

Projecting data points to lower
dimensional representation

26




Transformation

from sklearn import decomposition
 PCA in Python using sklearn
X = np.array(|
[2, 4],
[4, 6],
[6:,71,
from sklearn import [7,10],1)

#given a data matrix X, create PCA object L D
pcCa = pca.fit transform(x)

#fit the model with X and perform dim. reduction on X
pCa. array([[-

.BB813341%9, -0.24544841],
05854569, -0.06694048],
.0139187 , 0.7726376 ],
92596117, -0.46024871]1])

27



Transformation

Pitfall time!

« PCA in Python using numpy

from sklearn import decomposition

import numpy as np

X = np.array([ X = np.array(|

(2, 41, [2, 4],
[4, 6], [4, B],
(6,71, [6:,7],
(7,107, [7,10],1)

1)

pca = decomposition.PCA()

Xcent = X - np.mean(x, axis = 0)
pea.fit transform(x)

Ccov = np.cov(xcent, rowvar = False)
evals , evecs = np.linalg.eig(cov)

a = np.dot(xcent, evecs) m array([[-3.88133419, -0.24544841],

print(a) == [-1.05854569, -0.066940487],
[

24544841 3.88133419] [ 1.013%187 , 0.7726376 ],
06694048 1.05854569] [ 3.92596117, -0.460248711])

[ 0.
[ 0.

[-0.7726376 -1.0139187 ]
[ 0.46024871 -3.92596117]]
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Transformation

Need to sort eigenvalues and eigenvectors
accordingly in descending order!

« PCA in Python using numpy
import numpy as np

#given a data matrix X, compute the vector
xcent =

#compute the matrix
cov =

#compute and
evals, evecs =

# the eigenvectors according to the eigenvalues
idx = np.argsort(evals)[::-1]

evecs = evecs[;idx]

evals = evals[idx]

a=

import numpy as np
X = np.array(|[
[2, 4],
[4, 8]
[Ef?]!
[7.,10],
1)

Xcent = X - np.mean(x, axis = 0)
Ccov = np.cov(xcent, rowvar = False)
evals , evecs = LA.eig(cov)

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

a = np.dot(xcent, evecs)
print(a)

[[ 3.8B133419 0.24544841)
[ 1.05854569 0.06694048]
[-1.0139187 -0.7726376 ]
[-3.92596117 0.46024871]]
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Transformation

Another pitfall?

import numpy as np
X = np.array(|[

« PCA in Python using numpy

(2, 4],
(4, B8]
[6:7],
from sklearn import decomposition (7,101,
1
X = np.array(|
[2, 4], xcent = X - np.mean(x, axis = 0)
[4, 6], cov = np.cov(xcent, rowvar = False)
[6:71 evals , evecs = LA.eig(cov)
[7,10]41)
idx = np.argsort(evals)[::-1]
evecs = evecs[:,idx]
pca = decomposition.PCA() evals = evals[idx]

pea.fit transform(x) Diﬁerentsigns'
) a = np.dot(xcent, evecs)

print(a)

array([[-3.88133419, |-0) 245448417,

-1} 05854569, |0} 06694048], 05854569 Ok 06694048
1.0139187 , | 047726376 ], .0139187 |-0} 7726376 ]
392596117, |-0} 460248711]) 92596117 0} 46024871]]

BUtVVhy? [ . 868133419 ) 024544841
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« PCA in Python using numpy

Different covariance matrices?

numpy sklearn
[[ 4.91666667 5.25 ] pr— array([([ 4.91666667, 5.25 14
[ 5.25 6.25 11 — [ 3.25 ¢ 6.25 11)
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PCA in Python using numpy

Different eigenvectors?

numpy sklearn

[[-0.66107014
[-0.75032411

-0.75032411) array([[ 0.66107014, 0.75032411],
0.661070141] [ 0.75032411, -0.66107014711)

Why?
Sklearn performs a

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

32



Transformation

e 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.

33



Transformation

 WWords of caution:

- Loss of potentially relevant structures

- Qutliers may heavily skew the PCA
transforamtion

here could be your sketch...

34



Transformation




Transformed
Data

Patterns

* Generating Patterns or Models
— Applying methods

|
I 1 1 1 1
l Partitioning \ l Density-based \ l Hierarchical \ l Subspace \ l Spectral \ l \
|
I 1
y
Axis-parallel

Arbitrary-
oriente.d

36



* (Generating Patterns or Models

— Clustering with sklearn
* Using k-means, with k=2

37



* (Generating Patterns or Models

— Clustering with sklearn
* Using k-means
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* (Generating Patterns or Models

— Clustering with sklearn
* Using k-means

3

v
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* (Generating Patterns or Models

— Clustering with sklearn
* Using k-means

3
*

40



Data Mining

* Generating Patterns or Models

— Clustering with sklearn
* Using k-means

from sklearn.cluster import Kmeans

#given a dataset X
kmeans = KMeans(n_clusters=Kk).

#cluster labels
kmeans.

#given a set of points, assign their cluster
labels
kmeans.

#returns the centroids
kmeans.

Rule of thumb:
Clustering functions in
sklearn have

- A 1 function
- A field
- A function

41



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
e Scatter Plot

import numpy as np
import matplotlib.pyplot as plt

#given a (numpy) array of data points dpts
#get an

X,y =
#or...

X,y =

plt.

plt.

43



Interpretation/Evaluation

* Evaluation of the relevance by the user

— Visualizations
e Scatter Plot

How do we plot the from
sklearn?

from sklearn.cluster import
import matplotlib.pyplot as plt

#given a (numpy) array of data points dpts
model = (clusterspecificparameters).

X,y =

plt.scatter(x,y, labels_

44



Interpretation/Evaluation

How to plot multidimensional data? = Pair Grids

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 =

#perform clustering on the data frame
model = (clusterspecificparameters).

#create a column in the data frame for the labels
df["label”] =

45



Interpretation/Evaluation
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The KDD Process Model

. matplotlib, seaborn
numpy/scipy, sklearn 4
/\ : lm_e;pretat_iqql A

hl

Transformed
Preprocessed Data ﬁ Data

. Target Date

(1]
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Parallelization?

* Hadoop/Spark/Flink
— With different ML Libraries on top

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

e Dask ML

— distributes computation on cluster

48



Dask arrays

import dask.array as da
x = da.random.random((10000, 10000), chunks=(1000, 1000))
y=x+xT

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

z.compute()
z.persist()

}

Numpy
Array

Dask
~ Array

49



Dask dataframes

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

df2 = dfldf.y > O] } Pandas
df2.persist() DataFrame Dask

. DataFrame

df3 = df2.groupby(‘'name’).x.std()

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

50



Scikit-learn with Dask (estimators)

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,
10.01,
"kernel": ['rbf', 'poly’, 'sigmoid’l,
"shrinking": [True, Falsel}

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)
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Beyond scikit-learn

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)
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« 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

« Thereis no ,holy grail” package/solution

53



What are your experiences
with Python and data mining?
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iImport antigravity

Z

’
A
Z

Wi
W

T DUNNO... i
% DYNAMIC TYPING? T JUST TYPED
WHITEGERCET import ontigrauity
/ COME JONUS! | | THATS IT? {
T LEARNED ITLAST PROGRF*“”'NGt ... T ALSO SAMPLED
NIGHT! EVERYTHING IS FUN AGAIN] EVERYHING IN THE
1S S0 SIMPLE! ITS A WHOLE MEDICINE (PBINET
f NEW WORLD FOR COMPARISON.
HELLO WORLD IS JUsT N UP HERE! [
print "Hellg, world! BUT HOW ARE BUT T THINK THIS
YOU FLYING? 1S THE PYTHON.
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