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Pandas

® Powerful and productive Python data
analysis and managementlibrary

® Panel Data System

® Open Sourced by AQR Capital
Management, LLC in late 2009

® 30.000 lines of tested Python/Cython code

® Used in production in many companies
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Pandas

® Rich data structures and functions to make
working with structured data fast, easy, and
expressive

® Built on top of Numpy with its high
performance array-computing features

® flexible data manipulation capabilities of
spreadsheets and relational databases

® Sophisticated indexing functionality

® dlice, dice, perform aggregations, select
subsets of data
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The 1deal tool fordata
sclentists

® Cleaning data
® Analyzing data
® Modeling data

® Organizing the results of the analysis into a
form suitable for plotting or tabular display
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Series

® one-dimensional array-like object
>>> § = Series((1,2,3,4,5))

® Contains an array of data (of any Numpy
data type)

>>> 5 .,values

® Has an associated array of data labels, the
Index (Defaultindex from Oto N - 1)

>>> §.1ndex
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Series

iIndex values ® Subclass of numpy.ndarray

v

O ® Data: anytype

v

6 ® |ndex labels need not be ordered

Duplicates are possible (but
result in reduced functionality)

[m[o]o]=]>
v
o



Sernes datastructure

>>> 1mport numpy
>>> randn = numpy.random. randn
>>> from pandas import *
>>> s = Series(randn(3),('a','b',"'c"))
>>> G
a -0.889880
b 1.102135
C -2.187296
>>> Ss.mean()
-0.65834710697853194
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Series to/from dict

* Series to Python dict - No moreexplicit order

>>> dict(s)
{'a': -0.88988001423312313,
'c': -2.1872960440695660,

'b': 1.1021347373670938}

* Backto a Seneswith anew Index from
sorted dictionary keys

>>> Series(dict(s))
a -(0.889880
b 1.102135

C -2.187296
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Relndexing labels

>>> S

a -0.496848

b 0.607173

C -1.570596

>>> §,1ndex

Index([a, b, c], dtype=object)
>>> s, reindex(['c','b','a'])

C -1.570596

b 0.607173

a -0.496848
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Vectorization

>>> s + s

a -1.779760
b 2.204269
C -4 .,374592

® Series work with Numpy
>>> numpy.exp (s)

a 0.410705
b 3.0105806
C 0.112220
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Data alignment

® Binary operations are joins!

https://pandas.pydata.org/pandas-

docs/stable/generated/pandas.Series.align.html#pandas.Series.align
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Al O
B |1
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DataFrame

® |ike data.frame in the statistical
language/package R

® 2-dimensional tabular data structure

® Data manipulation with integrated
Indexing

® Support heterogeneous columns
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columns

Index
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NumPy array-like

Each column can have a
different type

Row and column index

Size mutable: insert and delete
columns



DataFrame

>>> d = {'one': s*s, 'two': s+s}
>>> DataFrame(d)
one Ttwo
a 0.791886 -1.779760
b 1.214701 2.204269
c 4.784264 -4.374592
>>> df.1ndex
Index([a, b, c], dtype=object)
>>> df.columns
Index([one, two], dtype=objec)
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Dataframe add column

® Add athird column
>>> df[ 'three'] = s * 3
® 1t will share the existing index

>>> df

one two three
a 0.791886 -1.779760 -2.669640
b 1.214701 2.204269 3.306404
c 4.784264 -4.374592 -6.561888
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Access to columns

® Access by attribute

>>> df.one

one
a 0.791886
b 1.214701
c 4.784264

® Access by dict like
notation

>>> df['one']
one

a 0./91886
b 1.214701
C 4.7/34264
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>>2>
>>2>

Cc 4.
b 1.
a 0.

Reindexing

df.reindex(['c','b','a'])
df

one two three

784264 -4.374592 -6.56061888
214701 2.204269 3.3006404

791886 -1.779760 -2.669640
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Drop entries from an axis

>>> df.drop('c')

b 1.214701 2.204269 3.306404
a 0.7/91886 -1.7797060 -2.669640

>>> df.drop(['b, " 'a'])

one two three
c 4.7842064 -4.374592 -6.561888
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Descriptive statistics

>>> df.mean()

one 2.2063017
two -1.316694
three -1.975041

* Also:count, sum, median, miln,
max, abs, prod, std, var,
skew, kurt, quantile,cumsum,
cumprod, cummax,cummin
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Computational Tools

* Covarlance

>>> §] = Series(randn(1000))

>>> §2 = Series(randn(1000))
>>> s1.cov(s2)

0.0139/73709323221539

* Also: pearson, kendall,spearman
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/O Operations

Read from
- ¢csv, json, excel, html, SQL..

- https://pandas.pydata.org/pandas-
docs/stable/generated/pandas.read csv.html#pandas.read csv
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Data manipulations

- Jo1ln / merge (database-like)

- Get dummies (one hot vector from
categorical data)



Aggregated Statistics

- Group by
- Describe



Plotting

DataFrame.plot.plotType()
- hist, pie, density, box,..



This and much more...

® Reshaping and Pivot Tables
® Time Series / Date functionality

® Sparse data structures
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Resources

® http://pypi.python.org/pypi/pandas
® http://code.google.com/p/pandas
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Semestralni projekt

* Vybeér ze 4-5 ukolu, pripadné po schvaleni vlastni zadani
— Varianty budou pfedstaveny prubézné na pristich cvienich cca do 'z dubna
— Typicky supervised ML
— Vybér zadani do 30.4.
« \ypracovani obsahuje
— Zdrojovy kod

komentare + readme file (co a jak spustit)

— Vstupni data (pokud se liSi od zadanych)
— Popis reseni

Jak byla data pfedzpracovana? (normalizace, feature engineering, dalSi datové zdroje...)

Jakeé algoritmy byly pouzity? S jakymi parametry / jak byly vybrany? (vyzkouSejte alespon 2 algoritmy
s rozumnym hyperparameter tuningem)

Prehled vysledku + rozumna vizualizace (napf. vliv nékterych hyperparametrii na vysledek)
Zajimavé/netrivialni ¢asti implementace? Prekvapivé vysledky? Learned knowledge?
Ocekavany rozsah cca 1-2 stranky



Semestralni projekt — Varianta d;

Doporucovaci systemy

Doporucte uzivateli 10 pro n€j nejzajimaveéjsich filmu
MovieLens 1M dataset (cca 5000 uzivatelu a filmu, 1M ratingl)
« https://grouplens.org/datasets/movielens/

Zname hodnoceni nékterych filmu uzivatelem, zakladni data o filmech a
demograficka data o uzivatelich

Moznost pouzit externi datové zdroje (napr. IMDB)

Evaluace:
« Kazdému uzivateli bude nahodné odebrano 10% hodnocenych filmu, vasim cilem je nékteré z nich
uzivateli doporucit
« nDCG na top-10 doporucenych filmech https://en.wikipedia.org/wiki/Discounted _cumulative _gain
« Cilem je tedy ranking prediction (sefazeni objektl od nejlepsiho po nejhorsi)
Odevzdané reseni musi byt lepsi nez zakladni baseline:

v s

* Most popular (doporucuje globalné nejpopularngjsi filmy)

Typlcke algoritmy:
KNN, nebo faktorizace matic (SVD++) na matici hodnoceni uzivatell a objektu

« Bézné ML algoritmy na vlastnostech uzivatelll a objektu (vlastni model pro kazdého uzivatele /
skupinu uzivatelu — clustering, nebo sjednoceni vlastnosti uzivatele a objektu)

« Vector Space Model: uzivatel (query) je definovany jako agregace jim hodnocenych objektu
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« Bézné ML algoritmy na vlastnostech uzivatell a objektt (vlastni model pro kazdého uzivatele /
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« Vector Space Model: uzivatel (query) je definovany jako agregace jim hodnocenych objektu
« http://www.ksi.mff.cuni.cz/~peska/vyuka/nswil66/
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Recommender Systems
Basic Workflow :

e User provides feedback from which user preferences are learned

e Recommendations are provided based on
e User feedback
e  Object attributes
e User attributes/relations
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: ce0o
Paradigms of recommender 3T
o0
systems :
Hybrid: combinations of various inputs
;% and/or composition of different
Llﬁn:a-r profile & "~ mechanism
contextual prameters '\\
@ item | score
i 0.9
Community data . - 2 | 1
i3 0.3
Title | Genre | Actors | ...
Product features p component list
/ \
X, /
i I Current user context

(location, opened page,...)
Knowledge modeils



Vector Space Model :

e Document collections D* (liked) and D- (disliked)
« Calculate prototype vector for these categories.

O
5 X
O@O X @ X O Relevant documents
8 s X Nonrelevant documents
> @,  Centroids
D average vector
>
= a, 3, v used to fine-tune the feedback
e Computing modified query Qi1 from — o weight for original query
current query Qi with: — B weight for positive feedback
Qi1= a * Q; + ﬁ( 1+ z d*) _y (L Z d‘) — v weight for negative feedback
D D~
| | dteD* | |d-ED-

= Often only positive feedback is used

— More valuable than negative
feedback



Matrix Completion
(Matrix factorization)



Matrix completion sece

Given a sparse matrix
We want to fill-in the

o kown values ------
The values of the matrix

are dependent on ------

each other

Approaches
— Search for similar rows/columns
— (nearest neighbour collaborative filtering)
— Matrix factorization
— Restricted Boltzmann Machines (RBM)



Example: Nearest neighbor collaborative filterﬁgt
for movie-rating prediction (recommenders?

systems)
— @\ ™ < LO
Q v Q D L
> > > > >
@) @) @) @) @)
= = = = =
User 1 5 ? ? ?

User 2 ------
User 3 ISR 28 B2l 2
User 4 ------

User 5

User 6 ------




Matrix factorization sese

. We estimate matrix M as the product of two
matrices U and V.

. Based on the known values of M, we search for U
and V so that their product best estimates the
(known) values of M

~ 7?2 5 4 7?7 ..

\Y



Problem formulation cos

Target function:
sum of squared errors + regularization
K

Z [:-m.!;_h:,- ZTH,A:T-’J;_.;;)E | A(Zuflj 1 Ziffr)

“:'-:,j .;-.‘-_“ 31_}- "E'.'.;I;

where A is the weight of the regularization term

(i. e., a constant giving the importance of the
regularization term)

Minimization of the above loss function using stochastic
gradient descent (or any other optimization algorithms)



High-level view of matrix factorization algoritfﬁft

. Random initialization of U and V
. While U x V does not approximate the known values

. of M well enough
— Choose a known value of M, we denote it by x
— Adjust the values of the corresponding row and column of U and V
respectively, so that the approximation becomes better

? 5 4 7?7 ..

\Y



Example for an adjustment step  s2:¢

1 S
——

3 2 X ~ ? 35 4 ? ..
DN
i BECEE anasnm

U \Y

(2*2)+(1*1) = 5 which equals to the selected value
- we do not do anything



Example for an adjustment step  s2:¢

enEmm HAEEHE
SEREE”
V
U \Y

(3*1)+(2*3) =9

9 >4 - we decrease the values of the
corresponding rows so that their products will be
closer to 4



Example for an adjustment step  s2:¢

(3*1)+(2*3) =9

9 >4 - we decrease the values of the
corresponding rows so that their products will be
closer to 4



Why is the algorithm ,, good”? | 3222

1. The adjustment should be proportional to the error =

let it be e-times the error

— In the current example: error=9-4=5

— with €=0.1 we will decrease all the values in the
corresponding rows and columns by 0.1*5=0.5

57242 .
smEmy BEHEHE
. . ﬁ ? 5 E

lllll

U (3*1)+(2*3)=9 M



Why is the algorithm ,,good”?

. 2. We should take into account how much each value

of the row/column contributes to the error
— For the selected row:
— 3is multiplied by 1 = 3 is adjusted by €*5*1 = 0.5
— 2 is multiplied by 3 = 2 is adjusted by €*5*3 =1.5
— For the selected column respectively:
— €*5*3=1.5and €*5*2=1.0




Why is the algorithm ,, good”? | 3222

. 3. We prefer simpler models (avoid overfitting). °

. At each adjustment step: subtract additionally

. A-times the value

— For the selected row: subtract additionally
— A*3 from 3, and A*2 from 2.
— For the selected column respectively: A*1 and A*3




