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Liquid State Machine (LSM) Extreme Learning Machine (ELM)
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Kohonen Network (KN)  Support Vector Machine (SVYM)  Neural Turing Machine (NTM)




input

input

input sum
bias

input sum
bias

input -

sum

sum

sum

sum
bias
sum
bias
sum
bias
sum

sigmaoid

sigmoid

{

multiply

multiply
sum
multiply

multiply
sum
multiply

nh

3
=
=

An infarmative chart to build

Neural Network Graphs

©2016 Fjodor van Veen - asimovinstitute.org

sum  sigmaid

sum  sigmoid

sum
bias
sum
bias
sum
bias
sum

sigmoid

sigmaid

sigmaid

sigmaid

{

Deep Feed Forward Example -

Deep

Recurrent Example

(previous iteration) —

Deep

invert
multiply

multiply
sum
multiply

multiply

sum

multiply

Recurrent Example

multiply

sum %
multiply

sum tanh l'

bias

sum  sigmoid Deep GRU Example

(previous iteration)

Deep GRU Example

sum  sigmaid Deep LSTM Example

(previous iteration)

Deep LSTM Example



"'Z"
Definition: A linear veclor space, X is usel of elements (vectors) defined over a
scalar figld, F, that satisfies the following conditions:
1y if xE X and }'Cxﬂ'.lﬂl. .tlIyC.r. 2) x+ Feytx 3 & J:' o At ::.l * £}
4) There is a unique vector ¢ € 5, such that x = 0 =x for all xg 1
5) For each vector x€ Xthere is a unique vector in X, to be called (5, such that
+ixl=0. &) multiplication, for all scalars a € F. and all veclors £ £.X,
7) Forany x € X, 1x =« (for scalar 1).
B} For anytwo scalars a € F andb € Fand any € X, a(fg = {a fix .
N latblg=agtby. 10) alx+y) =a xtay
Linear Independence: Consider n vectors €, %5, %, ). [fthere
exists n scalars ay, az, ... @, . at least one of which is nonzero, such that
WXy * AN L.+ A= 0, then the {x; ) are lincarly dependent,
Spanning a Space:
Let X'be a linear vector space and let {1, . ug , ... 1y | be a2 subset of vectors in X
This subset spans X if and only if for every vector X €. there exist scalars x,
X3 e dip SUCH that X = xomptaiut ... +3alin
Inner Product: x.y) for any scalar function of x and v .
L%y = (3.5 2. (xay, +bysa (oy) +bixy:)
3 (xx) = 0, where equality holds iff x is the zero vector.
Norm: Ascalar function ||x]] 15 called a norm if it satisfies:
1.llxll =0 2. llxll = 0 if and only if x = 0.
3 flaxll = Jalllx 4 1=+ 2l = il + Nl

Angle: The angle & bet. 2 vectors x and y is defined by cos & ﬁ#

Orthogonality: 2 vectorsx, y £ ¥ are said to be arthogonal if (o) = O,

Gram Schmidi Orthogonalization:
Assume that we have n independent vectors ¥, 3.3, . From
these vectors we will obtain c:-rﬂmgcmal vectors v, ¥a....¥

(v e
"= Y W —J’w"z{l; ::k
i I
(v ¥e)
(vew)
Vector Expansions:

T
= Zx,-ui =x vy +xpvy e by,

i=1

where

v; i5 the projection of y, on v

Ui, X
for erthogonal vectors, x; = (v;.%)
(v vy)
Reciprocal Basis Vectors:
_ 0 i+
(’4-“’;]={1 i=j = (r.x)

To compute the reciprocal basis vectors: set B=[v, va ..
R=[r; 1;... 5], RT=B"!

Val.

In matrix form: x¥ = B~1 x*

a=hardlim{Wp+b), W=, w" .w" .. w'|",
= hardlimin) = hardlim{ w" p + b

Decision Boundary:  w'p +5 =10
The decision boundary 1s always orthogonal to the weight vector.
Single-layer percepirans can only classify linearly separable vectors,
Percepiron Learning Rule

wm:.'w — wm!d + E]]T 'hmaw —

where e =t — a

b 4 e,

Hehb's Postulate: "When an axon of cell A is near enough 1o excile a
cell B and repeatedly or persistently lakes part in firing il, some growth
process or metabolic change takes place in one or both cells such that A's
efficiency, as one of the cells firing B, is increased "

Linear Associator: a = purelin(Wp)

The Hebb Rule: Supervised Form: w]i " = W[ old 4 ¢ ,-Pq;

L]
W=¢,P] + P+ + tyP],
Pi
T
W=t t,..to]| P2 [=TPT
PG

Pseudoinverse Rule: W = TP*
When the number, &, of rows of P is greater than the mum ber of
columns,, of P and the columns of P are independent. then the

psendoinverse can be computed by P* = (PTP)~1PT
Variations of Hebbian Learning:
Filtered Learning: : W™ = (1 — y)W? + at,p}

(= Uj‘d T
Delta Rule(chio: W' = W' + a(tq—aq}pq

Unsupervised Hebb chi3: W™ = w4 r;raqu

Transformations:

A trawnsformation consists of three parts:

domain: X' ={ x. }, range: ¥'={ y, }, and a rule relating each x, €

X to an element y, €Y.

Li tions: transfommation 4 1s fnear i

1. for all x,,x, € X, A{x; +35) = Alx,) + A{x)

2forallx € X,a e R, Alax) = ad(x)

Matrix Representations:

Let {1y, 3, .., vy} be a basis for vector space X, and let {uy, up, .., ug}

be a basis for vector space ¥, Let 4 be a hinear transformation with

domain and range ¥; A{x) = ¥

The coefficients of the matrix representation are obtained from
m

Aly) = Z i

=1
Change of Basis: B, = [t; t, ..t,].

w = [Wy Wy oWy
— lel-""-Bil
Eigenvalues & Figenvectors:Az =iz, [[A =AI]l=0

Diagonalization: B = [z, z; ...z,]. _
where{Zz, 23, ..., Zn } are the eigenvectors of a square matrix A,
[B'AB] = diag([h, &, .. A ])

Taylor: F(x) = F(x*) + VF(X)" |y=x (x —x") +
l (K - x‘}sz(x]T.lx-x‘(x - x‘} +

] i e
Grad PFG) = [;-F&) -F() w50 F)
Hessl:m'v F{x} =
dx ?F(x) %y dN Fx) .. dmdx F(x)

ﬂ‘xaﬂx ( ) ﬂxaa -ﬂx?ﬂxn [: ]
ﬂxnd‘x F(X} g @3 F(X] dxy 2F{X}
Directional l)erwain’es:

T o
1* Dir.Der.: E7E0 9w pip per; ETECOR

Ip (1]

Minima:

Strong Mininmen: if a scalar § > Oexists, such that
Frx) <Fix+ Ax) for all Ax such that § = ||Ax|| = 0.
Global Mininum: if Fix) <Fix+ Av) for all Ax = 0
Weak Minimuni: il il is not a strong minimum, and a
scalar § > Oexists, such that Fix) =Fyx+ Ax) for all Ay
such that § > ||Ax|] = 0.

Necessary Conditions for Optimality:

"-Order Condition: VF(X) |g=yx- = 0 (Stationary Points)
*-Order Condition: V*F(X)|x—x = 0 (Positive Semi-
definite Hessian hatrix).

Quadratic fn.: F(x) = %xTA x+d™x+¢

T
VF(x) = AX + d, V2F(X) = A, dpuin <202 < 2

Iy




G | Minimization Aleoritha:

Xps1 = X + @GP o8 BX; = (Xgypq — Xp) = 0P

Xg41 = X — 0B where, g; = VF(X)|y.x,

Stable Learning Rate: (a; = «, constant) a < 2
: < > K Amn:
{A; 43, ..., A, } Eigenvalues of Hessian matrix A
Learning Rate to Minimize Along the Line:
is
X1 = Xg + 0ppr = 0 = —P—g-'f-F (For quadratic fn. )
After Minimization Along the Line:

Xgsy =Xp +0upe = iy pe =0

ADALINE: a = purelin(Wp +b)

Mean Square Error: (for ADALINE it is a quadranc fn.)
F(x) = E[e*] = E[(t — a)?] = E[(t —x"Z)?
F(x)=c—2x"h+x"Rx,

c=E[t?], h=E[tz] and R = E[zzT]| A =2R,d = -2n
Unique minimum, if it exists, is X" =R~ 'h,

where x = [1;”] and z = [Il’]

LMS Algorithm: W(k + 1) = W(k) + 2a e(k) p" (k)
b(k + 1) = b(k) + 2a e(k)
Convergence Point: x* =R™'h
Stable Learning Rate: 0 < a < 1/4,,,, where
Amax 18 the maximum eigenvalue of R

Adaptive Filter ADALINE:
a(k) = purelin(Wp(k) + b) =

R

Zw._iy(k—i+ )+b
=1

*Heuristic Variations of Backpropagation:
Batching: The parameters are updated only after the entire raming s¢t has
been presented. The gradients calculated for each traming example arc
averaged together to produce a more accurate estimate of the gradient (If the
training st is complete, i.c., covers all possible input/output pairs, then the
gradient estimate will be exact.)

Backpropagation with Momentum (MOBP):
AW™(Jc) = yAW™ (k — 1) — (1 — p)as™ (@™ T
Ab™ (k) = yAb™(k — 1) — (1 — y)as™
Variable Learning Rate Backpropagation (VLBP)

1. If the squared emor {over the entire training set) increases by more than
some set percentage { (typically one to five percent) afler a weight update,
then the weight update is discarded, the learning rate is multiplied by some
factor p < 1, and the momentum coefficient y (if it is used) is set to zero.

2. If the squared error decreases after a weight update, then the weight update
is accepted and the leaming rate is muoltiplied by some factor i > 1. If y has
been previously set to zero, it is reset to its original value,

3. If the squared arror inareases by less than , then the weight update is
accepted but the leaming rate and the momentum coefficient are unchanged

Backpropagation Algorithm:
Performance Index:

Mean Square e¢rror: F(X) = E[eTe] = E[(t —a)(t— a)]
Approximate Performance Index: (sing]c sample)

F(x) = e (k)e(k) = (tk) — a(k))" (t(k) — (k)

" _oF _[9F oF o
ensitivity: s™ = 20m = [on®  onB 6n,m]

Forward Propagation: a° = p,

amtl = fmil(wmtigm 4 p™m+1) for m=0,1,.... M —1
a=a¥

Backward Propagation: sM= -2F‘“(n”)(t —-a),

S™ = EMMM)(WPH)TS form < b~ 1,... 2,1 where

F™(n™) = diag([/™(n]") f™(n}")
/‘m( m)_ f ( )

l
ate (A

f (n)D

st Descent):

roximate blee
wWn(k+1) =Wmn(k) - as"'(a'"")T

Association: a = hardlim(WP" + Wp + b)
An association is a link between the inputs and outputs of a network so that
when a gimulus A is presented to the network, it will output a response B.

Associative Learning Rules:
Unsupervised Hebb Rule:
W(g) =W(g—1) + aalg)p’(q)
Hebb with Decay:
W(g) = (1-n)W(g—1) +aa(@p’(q)
Instar:a = hardlim(Wp + b), a = hardlim( ;W' p + b)
The instar is activated for yw'p = || ;wl|lIpllcosé = —b
where @ is the angle between pand \w.
Instar Rule:
wig) = wlg—1)+aa(q)(plg) - wig—1)
wig) =1 -a) wig—1)+ap(q).if (ai{g) =1)
Kohonen Rule:

wig)= wilg—1)+a(plq) — wlg—1)) forieX(q)
Outstar Rule: a = satlins(Wp)

w;(q) = w;(q— 1) +a (alq) — w(g — 1)) p,(q)

Competitive Laver: a = compet(Wp) = compet(n)
Competitive Learning with the Kohonen Rule:
ww(q) = sw(g— 1D +a (plg) — -w(g—1))
=(1-a)-wig-1)+aplg)
l--w(q) = ,--w(q — 1), i # " where i*is the winning neuron.
Self-Organizing with the Kohonen Rule:
W)= wig—-1D+a (pl@— wig—1)
=(1-a) w(@—1)+ap(q), i € N-(d)
Ni(d) = {j, dt} < dj}
LVO Network: (w?, = 1) = subclass ( is a part of class k
n} = —|| w'—pl|.a’ = compet(n'), a*=w?3a’
LVQ Network Learning with the Kohonen Rule:
wi(g) = w(g—1)+a (p(q) - +wi(g - 1)).
if a‘z‘,- = tk' = ]

b™(k + 1) = b™"(k) — as™
(@) = (Wi (qg— D —a (p@@) — w'(g— 1),
tfa£.=1¢tk-=0

0 n<d -1 n<0 0y 0 n<d
hardllma—[- R>0" lmrdllms::::[H n>0" Jpurelinia =n, Logsig:a = —, tansig: a4 =— e pmunu-{“ n>0'

1 ith m: 0 n<d 1n<0
compel:u:[‘o "‘;;"';’}:'w' VN catlin: a = {n -1sn<s1,satlins:a={n -1snsi,

a er neurons ¥yt { mod

Delay:a(t) = u(t — 1), Integrator: a(t) = f; u(r)dr + af0)

diag([123]) =

1 00
0 2
0.0




MACHINE LEARNING IN EMOJI

SUPERVISED UNSUPERVISED REINFORCEMENT

@  numenbuids model based on input /output
' ‘ ‘human input, machine output
human utilizes if satisfactory
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CLASSIFICATION

NEURAL NET

DECISION TREE

RANDOM FOREST

NAIVE BAYES

OTHER IMPORTANT CONCEPTS

BIAS VARIANCE TRADEOFF
UNDERFITTING { OVERFITTING

INERTIA
ACCURACY FUNCTION
PRECISION FUNCTION

SPECIFICITY FUNCTION

SENSITIVITY FUNCTION

@emilyinamillion made this
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PythonFor Data Science Cheat Sheet
Scikit-Learn

Learn Python far data science Ir vely at www.DataCamp.com

Scikit-learn is an open source Python library that I

preprocessing, cross-validation and visualization
algorithms using a unified interface.

A Basic Example
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regression

scikit-learn
algorithm cheat-sheet

NOT
WORKING

dimensionality
reduction

predicting
structure

Create Your Model

Supervised Learning Estimators

Linear Regression
»> from sklearn.linear_model import LinearRegression
>> lr = LinearRegression(normalize=

Support Vector Machines (SYM)

»» from sklearn.svm import SVC

»» sve = SVC{kernel='"linear'}

Naive Bayes

»>>» from sklearn.naive_bayes import GaussianNB

»> gnb = GaussianNB({}

KNN

p>> from sklearn import neighbors

»> knn = neighbors.KNeighborsClassifier (n_neighbors=5)

from skle

implements a range of machine learning,
eprocessing

bax from skile: plic

> from skle POLt accuracy_score

ba> iris - datasets.load_iris()

22 X, y = iris.datali, :2], iris, target

= ¥ train, y tear—tea LIt DX, ¥, random_state33)

Loading The Data Also see NumPy & Pandas

Your data needs to be numeric and stored as NumPy arrays or SciPy sparse
matrices. Other types that are convertible to numeric arrays, such as Pandas
DataFrame, are also acceptable.

F>> import numpy as np

B> K = np.randsm.randem [ (10
Tray (M, M, F'

51
F', M, R M MY R,

fE)

Training And Test Data

f>> Irom aklearn.cross_valldallon iEmport LEain_test _SpLit
>> X train, X test, y Train, y test = train test split(x,

v,
randcm_skate=0)

Unsupervised Learning Estimators

Principal Component Analysis (PCA)

[>>> from learn.decomposition import PCAR

=5 poa BCA{n_components=0.35

K Means

>>> frem sklearn.cluster import EMeans

>»> k means = KMeans(n clusters=3, random state=0)

Supervised learnin. .
2 l:,—,ﬁux, ¥ 9 Fit the model to the data
> knn.fit (X _train, y train)
>>> sve.fit (X _tra v_train)
Unsupervised Learning
3> k_means_fit (¥_train) Fit the model to the data
o> poa_model = pea.fit_transform(®_train) |Fitto data, then transform it
Prediction
Supervised Estimators
2> y_pred = .predict {np.random, random (2, 5) | | Predict labels
>» y_pred = lr.predict [¥_test) Predict labels

»>> y_pred = kon.predict_prokbea [X_test)
Unsupervised Estimators
5> y pred = k means.predict (X test)

af alabel

Predict |abels in clustering algos,

>> from skle
»>> scaler (b Jit{¥_traink

->> standardized X = scaler.transform(¥ train}

»> standardized X _test = scaler.transfoem{X_test}

g import Standardécaler

- LabelEneader )
enc.fit_transform(y)

Normalization

Imputing Missing Values

>> from sklearn.preprocessing import Normalizer
scaler = Hormalizeril).fit(¥X_train}
normalized ¥ = scaler.transform(X_train)
normalized X test = scaler.transform(X_test)

>3

5%
>

Fram sklearn.pr

processing import

rategy=tnean', axis=0f

imp.fit_transformiX _train)

Imputer ‘

Generting Polynomial Features

5> from sklearn.preproc
5> binarizer = Binarize

ing import Binarizer
hreshald=0.0} .fit (X)
p>> pinary X = binarizer.transformix)

s
=
o

poly = PolynomialFeatures(5)

from sklearn.preprocessing impart PolynomislFestures
poly.fit_transform(X}

Evaluate Your Model’s Performance
Classification Metrics

Accuracy Score

B> knn.score(X test, y test)

Estimator score method

[>>> from sklearn.metrics import s acy_score i scoring function:
23> accuracy rely_test, y_pred)

Classification Report

(== from sklearn.metrics import classificaticn repoct: |Precision, recall, fi-score

>»> printiclassification report (y test, y pred))
Confusion Matrix

[>> From sklearn.mebrics import confusion matsix

b print{cenfusion matrixly_test, y_pred))

Regression Metrics
Mean Absolute Error

>»» from sklearn.metrlcs lmport mean_sbsolute errox

and support

>»> mean_absolute_errari{y true, ¥ pred)

Mean Squared Error

>»> from sklearn.metrics import mean squared error
>»> mean_squared error(y_teat, y_pred)

R? Score

>»> from sklearn.metrics import rZ_score
>>> r2_score(y true, y pred)

Clustering Metrics

Adjusted Rand Index

b>> frem sklearn.m

e impart add

sted_sand_seore
y_pred)

Po» adjusted rand score(y true,

Homogeneity
>>> from sklearn.metrics import homogeneity score
>>> homogeneity score(y true,

\/-measure
1

¥_pred)

impart v_measure score
measure_score(y_true, y_pred)

Cross-Validation

Tune Your Model
Grid Search

> from sklearn.grid_search import GridSearchCV

b>> params = {"n_neighbors™: np.arange(l, 3],
"metric®: ["enclidean™, "ecityblock"l)

grid = GridSearchCV{estimator=kan,

s

param g
P> grid.fit (% train, y_train)
»» print (grid.best_scTre_|}

p>> print (grid.best_estimator_.n_neighbors)

Randomized Parameter Optimization

s
>3

from sklearn.gzid_seacch
" nei 0T

import RandomizedSearchCV
params = ["n H

range(l, 3},
weights": ["uniform”, "distance"]}

research = RandomizedSearchCV(estimator=knn,
pacam_distsibutions-params,
cv

A_ités=d,
randon_state=5)
»>

5>

reearch.fit (X train, y train)
rint (rsearch.best score )

DataCamp
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Ore-class SYM
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Python For Data Science Cheat Sheet

Python Basics

©

Variables and Data Types
Variable Assignment

Ba e

_— —

W N

5

R ) Sum of twovariablel

1

aan =2 Subtraction of teo vasiables
nl-'.- [LF Multiplication of two variables
s:v.- xtng Exponentiation af a variable
»I» P Remainder of 4 vadiakie

‘-—.\—'-* s/ilsat (2} Divisian of 3 vamable

Types and Type Conversion

BEE(} TEYy 14Nt 'True' | Wariables wo stings
int(p S, 3, 1 Wariables to integers
float () 5.0, 1.0 Wariables to Floats
bool () . . Wariables 1o booleans.

Asking For Help

»»» helplate)

Strings

el

atE W oma "

String Operations
=xx my_3tring * 2
B3> my =t

ing +

in my_string

xxx 'm

———— Predicting a distribution

g, linear model =

<100 fe
Two-class SVM >100

Two-class averaged perceptron

Twa«<lass log mgassion

Fast traini
linear mo

e g oW "
>3»> bw "
>xx my_list = ["my", 'l
>xx my_listd = [[4,5.6,7

', a, b
« [3,4,5,6]]

Selecting List Elements Incdex starts at o

Select item at index 1
Select 3rd |aSE iem

Select items at index 1 and 2
Select items alter index o
Select items before index 3
Copy my_list

st2[11101 mmy_listflise] itemddLis)

at2[1]

x> my_list + my_liat

el

my_list *

>»> my_lise2 > 4

o mY_liat.dindex (a) Get the index of n iem
my_list.count{al Countanitem
my list.append{"!"} Append an item at a time
m':'_liﬂl:.ro!r.:vn-:': ") Rarmove an iam
del (my_Llist[0:1]) Remove an item
my lisc.reverse() Reverse the list
my list.extend{"!"} Append an item
my_list.pop(-1) Remove an item
my_list.inserc{0, "'} | Inden anitem
my list.sorti) Soat the list

String Operations I ato

2> my_string [x)
o my_string[d:9)

String Methods

AT 1 PEEIT I
Saring 1o lowercase
1 Coum Sting sl s
Replace Stiing elementi
Sarip whitespace from ends

Accuracy, fast tralining

FICATION

Multiclass logistic regression

Multiclass neural network

Multiclass decision forest

Multiclass

One-v-all multiclass

Two-<class

-closs decision jungle
footpeint

Two-class locally deep SV

Accuracy, long

wwa Tworclass
tralning times

eural network

§ Microsaft

pondesi it el
import numpy Dhita sy Mahise kaiming
FOIT OUmMPY a3 np
port H‘\.“mP' W imatplothl
>»> from math import pi Seierk s pompting r—
- m—
Jupyter
ANACONDA spyder o=
Lieadiinn) open Sata sciere platform Free IDE (hat is inchoded Create arsd share.
powered by Pyihon with Anacends donuments with bve code,
VHLBREMORS, 1El,

(NumpyArrays  lsosestist)
x> my linot . 2, X

>33 my 2darray = ng T4y 20 14,5 5101
Selecting Numpy Array Elements Index starts at &
Subset

i Sedeci fvem at index

array[0:2]
L 211

Select items at index o ard 1

Numpy arrays
rra o0

miy_sdarrayfrows, columing]
VAl 1
Numpy Array Operations

>3> my_array > I

>3> my_array * 2
ay [ ]2
»3d mY_array + np.array{[S; 6. T. 8]}

MNumpy Array Functions

v dp Gy

>>> @Y _array.ashape Get the dimensions of the armay
e ns}Tappend (other_array) Agpeend items to an sray

> np.insert {my_array, 1, 5} mast items inan amay

>xx fp.delete (my_accay, [1]) IDedete ibems in an amay

>rr np.mean my_array) Mieamol the amay

> np.medianimy_array) Migdian of the armay

=#> my_array.corrcoef () Cearelation coefhicien

= Rp.atdimy _arg Srandard dewiation

DataCamp
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Python For Data Science Cheat Sheet
Bokeh

Learn Bokeh Interactively at www.DataCamp.com
taught by Bryan Van de Ven core contributor

Plotting With Bokeh

The Python interactive visualization library Bokeh
enables high-performance visual presentation of
large datasets in modern web browsers.

Bokeh's mid-level general purpose bokeh. plotting
interface is centered around two main compenents: data
and glyphs.

The basic steps to creating plots with the bokeh . plotting
interface are:

1. Prepare some data:

Pythan lists, NumPy arrays, Pandas Dataframes and other sequences of values

2. Create a new plot

3. Add renderers for your data, with visual customizations

4. Specify where to generate the output.

5. Show or save the results

>>> from bokeh.plotting import fgure

»>> from bokeh.io import cutput_file, show

>xx & = [1, 2, 3, 4, 51

S e

>>> p = figure (title="simple line exampl
x_awiz_label.
y_axis labe

p.line{x, y, legend-"Temp.", line_width-2)

output file(*lines.html")

show (p)  -ETT0RR

P
[>>>
tdd

1 Data Also see Lists, NumPy & Pandas
Under the hood, your data is converted to Column Data
Sourees. You can also do this manually:

555 lmporl numpy as np
>>> import pandas as pd
>>> df = pd.DataFrame (np.arcay([[33.9,4,65,
[32.4,4,66,
[21.4,4,108,
columns=['mpg', 'eyl’, 'hp',
x=['Toyota', 'Fiat', 'Volvo

forigin'l,
"1

»*>> cds_df = ColumnbPataSource (df)

»»> fram bokeh.medels import ColumnDataSource |

>>> from bokeh.plotting import figure

>3> pl = figure{plot_width=300, tools ybox zoom®)

>»> p2 - fiqure{plot_width-300, plot_height-300,
®_range={0, B}, y_range-{0, 8]]

>»» p3 = figure{)

Renderers & Visual Customiza

Glyphs stomized Gl Also see Data

Scatter Markers Selection and Non-Selection Glyphs
»»>» pl.cirele (np.array([1,2,3]), np.array{(3,2,1]), »»> p.circle(‘*mpg’, ‘cylf, source-cds df,
H selection_color='red’,

fill_color="white')
>33 p2.square (np.areay([1.5,3.5,5.5]), nonselection_alpha-0.1}
! Hover Glyphs

celor="hlus', oize=
>»> hover = HoverTool (tooltips=None, mode='vline')

3

ety d],

Line Glyphs

333 pl.line([1,2,3,4], [3,4,56], Line width=z) .
>3 pz.multi lineipd.DatsFrame([[1,2,3], (53,6711}, p.add_tools (hover)
pd.DataFrame ([ 13, 4,51, (3,2,1]1), Colormapping
colozo"blue") ———>»> color_mapper - CategoricalColorMapper
Th factara=['Euraps’ "hsia’ st
Rows & Columns Layout | palette=['red’, 'green’, 'blus'lf
Rows Columns »»> puoircle('npa®, 'eyl', source-cds_df,

color=dict tfield="origin’,
transform=color_mapper) ,
legend='0rigin'))

»»» from bokeh.layouts import row|>»»> from bokeh.layouts import columns
>»> layout = rowi(pl,p?, pd} >»> layout = column(pl,pZ,pd)

Mesting Rows & Coelumns
>»»layout = row(column(pl,pZ), p3)

Grid Layout Linked Plots Also see Data

>»» from bokeh.layouts import gridplet Linked Axes

;;: ru-; = }n;.pZ] > pZ.¥ range = pl.x range
row2 = [p. >> p2.y_range = pl.y_range
22> layout = gridplot(lpl,p2], (pall) Py e

Linked Brushing
5% pd = figure (plot_width =

Tabbed Layout 100, tools='box_selact,lasss_select')

»5> from bokeh.models.widgets {mport Panel, Tabs 2> ph.cirele('npa’, 'eyl!, source-cds dr}

»»> tabl = Panel (child=pl, title="tabl") »> p5 = figure (plot_width = 200, tools='box_select,lasso_select')
»»» tab? = Panel (child=-p2, title="tab2") »> pS.cirele("npg's 'hp', source-cda_df)

>»> layout = Tabs(tabs=[tabl, tab2]) »> layout = rowipd,ps)

Legend Location Legend Orientation

Inside Plot Area »>>> p.legend.orientation = "horizental™
5»> p.legend. location = ‘bottom left® >» p.legend.orientation = "vertical"

Dutsuie Plot Area Legend Background & Border

1= pz.astertok( al]:rd 3c[;‘. 2310 np-array (132,111
B> 7 - b ne (|1 1 561} — =

55> lagend = Lagend (ite '[ ETUUIRL, £11), ("twe® L [£21)], locabion={0, =303 | -, Priegend.hordes_Line color = "navy"
>»> p.add Layouttlcqrnd, .(,H .] >>> p.legend. hac)rgmund fill _color = "white

Statistl'cal Charts With Bokeh Also see Data

Bokeh's high-level bokeh, chartes interface is ideal for guickly

(4 ouout

Output to HTML File

[>> from bokeh.ic Lmport output_file, show creating statistical charts
>»» output file{'my bar chart.html’, mode='cdn')
Notebook Queput

> from bokeh.lo dlmport output notebook,
»> oulput_notebook ()

Embedding

Standalone HTML

»» from bokeh.embed import file hitml
>» html = file_html{p, CDN, "my_plct")
Components

5> from bokeh.embed imporl components

show |

MxFlot(df, value
lagel

33> Lrom bokeh.charts lmport Hlstogra
H.

tla togram')

Scatter Plot

»»> from boksh,charts import Scatter
»3» p - Seatter(df, x='mpg', y -'hp', marker—'sguare',
xlabel='Miles Per Gallon',
ylabel-'Horsepower '}

DataCamp
or D

div =

== script,

w or Save Your Plots

>»> show (pl) »»» gave{pl)
>>> show (layout) >> save {layout)

components (p)




About

TensorFlow

TensorFlow™ is an open source software
library for numerical computation using
data flow graphs. TensorFlow was
originally developed for the purposes of
conducting machine learning and deep
neural networks research, but the system
is general enough to be applicable in a
wide variety of other domains as well.
Skflow

Scikit Flow provides a set of high level
model classes that you can use to easily
integrate with your existing Scikit-learn
pipeline code. Scikit Flow is a simplified
interface for TensorFlow, to get people
started on predictive analytics and data
mining. Scikit Flow has been merged into
TensorFlow since version 0.8 and now
called TensorFlow Learn.

Keras

Keras is a minimalist, highly modular
neural networks library, written in Python
and capable of running on top of either
TensorFlow or Theano

Installation

How to install new package in Python:
pip install <package-name>
Example: pip install requests

How to install tensorflow?

device = cpu/gpu

python_version = cp27/cp34

sudo pip install
https://storage.googleapis.com/
tensorflow/linux/$device/tensorflow-
0.8.0-$python_version-none-linux_x86
_64.whl

How to install Skflow

pip install sklearn

How to install Keras

pip install keras

update ~/.keras/keras.json - replace
“theano” by “tensorflow”

Helpers

Python helper

Important functions

type(object)

Get object type

help(object)

Get help for object (list of available
methods, attributes, signatures and so on)
dir(object)

Get list of object attributes

(fields, functions)

str(object)

Transform an object to string

object?

Shows documentations about the object
globals()

Return the dictionary containing the
current scope's global variables.
locals()

Update and return a dictionary containing
the current scope's local variables.

id(object)

Return the identity of an object. This is
guaranteed to be unique among
simultaneously existing objects.
import _ builtin__
dir(__builtin_ )

Other built-in functions

TensorFlow

Main classes

tf.Graph()

tf.Operation()

tf.Tensor()

tf.Session()

Some useful functions
tf.get_default_session()
tf.get_default_graph()
tf.reset_default_graph()
ops.reset_default_graph()
tf.device(“/cpu:0”)
tf.name_scope(value)
tf.convert_to_tensor(value)
TensorFlow Optimizers
GradientDescentOptimizer
AdadeltaOptimizer
AdagradOptimizer
MomentumOptimizer
AdamOptimizer

FtrlOptimizer
RMSPropOptimizer

Reduction

reduce_sum

reduce_prod

reduce_min

reduce_max

reduce_mean

reduce_all

reduce_any

accumulate_n

Activation functions

tf.nn?

relu

relué

elu

softplus

softsign

dropout

bias_add

sigmoid

tanh
sigmoid_cross_entropy_with_logits
softmax

log_softmax
softmax_cross_entropy_with_logits
sparse_softmax_cross_entropy_with_logits
weighted_cross_entropy_with_logits
etc.

Skflow

Main classes
TensorFlowClassifier
TensorFlowRegressor
TensorFlowDNNClassifier
TensorFlowDNNRegressor
TensorFlowLinearClassifier
TensorFlowLinearRegressor
TensorFlowRNNClassifier
TensorFlowRNNRegressor

TensorFlowEstimator

Each classifier and regressor have
following fields

n_classes=0 (Regressor), n_classes are
expected to be input (Classifiers)
batch_size=32,

steps=200, // except
TensorFlowRNNClassifier - there is 50
optimizer='Adagrad’,

learning_rate=0.1,
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Keras

Learn Python for data science at www.DataCamp.com

ﬂﬂ@f@—

Keras is a powerful and easy-to-use deep learning library for
Theano and TensorFlow that provides a high-level neural
networks API to develop and eval deep | ing models.

A Basic Example

fal

Your data needs to be stored as NumPy arrays or as a list of NumPy arrays. Ide-
ally, you split the data in training and test sets, for which you can also resort
tothetrain_test_spiit moduleof skiearn.cross_validation.

Keras Data Sets

> from keras.datasets import b ing,

import urlopen
dtxt (urlopen ("ht r

Sequential Model

» Import Sequentlial

>>> from ker
>>> model.add

>>> model.add (D
>>> model.add (De!

Multi-Class Classification

Model output shape
Mode! summary representation
Model configuration

List all weight tensors in the model

Comle Model

MLP: Binary Classification

b>> model.compile (

MLP: Multi-Class Classific.

> model.compile

MLP: Regression

b>> from kera ers import Dropout
>>> model.add 2

>>> model.add (0

P>>> model.,add (D

Recurrent Neural Network
>>> model3.compile(l

add (Dense (64, activat
dd (Dens:

yers import Act
w2D(32, (3,3) , pad

MaxPooling2D
ame ', input_shape=x_tr

>>> mode
>>> model2
>>> mode

del2.add (A

>>> model2.add (Dro
b>> model2.add (Dense (num_c
> model2,add (Activation(' 1

Recurrent Neural Network (RNN)

yers import Embedding,LSTM
add (Embedding (2 +128))

Sequence Padding

Keras.pre|

rocessing import sequence
s (x_traind,maxlen=80)
= sequence.pad_sequences (x_testd,maxlen=80

One-Hot Encoding

>>> from keras.utils impo 2
s egorical (y_trair
gorical (y_t

> Y testd = to

Standardization/Normalization

learn.prepr ing import Standardscaler
aler = Standarc ) .Mt (x_train2)

>>> standardized X = ansform(x
>>> standardized X G

Python For Data Science Cheat Sheet

Pandas Basics

Learn Python for Data Science Inte

v at www.DataCamp.com

)

The Pandas library is built on NumPy and provides easy-to-use
data structures and data analysis tools for the Python

programming language. W
pandas i

Use the following import convention:
>>> import pandas as pd

Pandas Data Structures mr dE.iak ([0, [0))

A one-dimensional labeled array
capable of holding any data type

Index
»>> s = pd.Series([3, -5, 7, 4], index=['a', 'b', 'c', 'd'l}
DataFrame
Columns

. [T A two-dimensional labeled
data structure with columns
of potentially different types

Belgium | Brussels § L11s0sis

Ed India [New Dellii f1300171035]
Index
Beazil | Brasilia 207847528
»>> data = ["Belgium', 'India’, 281’1,

saels', 'New Delhi', 'Brasilia‘'],

Zapd t
lation': [1L120846, 03171035, 20784752811

'Pog

»»> df = pd.Dataframe(data,

columns=[ 'Country’, 'Capital', 'Population’])

#>> help(pd.Series.lac)

ng

b>> s['b'] Get one element

> df[1:) Get subset of a DataFrame
Country Capital Populatiosn
1 India HNew Delhi 1303171035

2 Braezil Brasilia 207847523

Selecting, Boolean Indexing & Setting

By Position
B3> df.iloci[0], [€]) Select single value by row &
'Relaium’ column
"Belaiun'
By Label
p»>» df.loc([0], ['Country'l} Select single value by row &
"Belgium' column labels
B> df.at ([0], ['Countzy'l)
"Belgium'
By Label/Position
> df.ix[2] Select single row of
Country Brazil subset of rows
Capital Brasilia
Population 207847528
P> df.ix[:, 'Capital'] Select a single column of
o Erussels subset of columns
L Mew Delhi
z Brasilia
pr> df.ix[1, 'Capital'] Select rows and columns
"New Delhi®
Boolean Indexing
Be> os[-(s » 1)) Series 5 where value is not >1
eex oslds < <11 | (s » 2)] = wherevalueis <-10r>2
B> df[df[*Pepulation’|>1200000000] |Use filter to adjust DataFrame
Setting
=x>os(ta']l = & Setindex a of Series s to 6

Read and Write to CSV Read and Write to SQL Query or Database Table

>>> pd.read csv('lile.csv', header=None, nrows=5}
>>> pd.to_csv('myDataFrame.csv'})

yine

>>> from aglalchemy import create_e
>>> engine = create engine("sglite:///:imemory:')

Read and Write to Excel >>> pd.read_sql("SELECT * FROM my_table;", engine)

>>> pd.read excel('file.xlsx')

>>> pd.to_sxcel {'dir/myDataFrame.xisx', sheet name='Sheetl')

Read multiple sheets from the same file
>>> xlsx = pd.ExcelFile{'file.x1s'}
»> df = pd.read_excel (xlsx, 'Sheetl')

>>> pd.read sgl_table('my table', engine)
>>> pd.read sql guery("SELECT * FROM my table;", engine)

read_sql () isa convenience wrapper around read_sql_table () and
read_sql_query({)

prr pd.to_sql ('myDf', engine)

Model Training
> (x_traind,
T 4

model = load model (‘my mod

Model Fine-tuning

Optimization Parameters

>>> from kera ers import

).0001, decay=le-6)
rical cros

=opt,

me: ‘accur

Early Stopping

callba
pping_m

pping_monitor))

ac arly

DataCamp

ython for Data Sciene
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Frx s.dropll'a', 'e"]) Drop values from rows (axis=0)
>»> df .drop('Ceuntry’, axis-1) Dropvalues from columns(axis=1)

»» df.sort_index (by='Country') | Sortby row or column index
B> s.order{) Sort a series by its values
>> df.rank() Assign ranks to entries

Retrie Series/DataFrame Information

>>> df.shape (rows, columns)

>>> df.index Describe index

>»> df.columns Describe DataFrame columns
=r» dE.infeol) Info on DataFrame

»»> df.count () Number of non-NA values
Summary

>m> df.sum() sum of values

>e> df.cumsum () Cummulative sum of values
>>> df.min() /df.max () Minimum/maximum values
>>> df.idmin(}/dE.idmax () Minimum/Maximum index value
>»» df.describe() Summary statistics

>>> df.mean() Mean of values

>>> df.median() Median of values

>>> £ = lambda x: x*2
>>> df . apply(f) Apply function
2> df.applymap(f) Apply function element-wise

Data Alignment
Internal Data Alignment

MNA values are introduced in the indices that don't overlap:

>»> 53 = pd.Series((7, -2, 3), index=['a’, 'c', 'd'l}
>>> 3 4 83

a 10.0

B HaN

c 5.0

d 7.0

Arithmetic Operations with Fill Methods

You can also do the internal data alignment yourself with

the help of the fill methods:

e s.add(s3, i1l _value=0)

10.0

-5.0

5
d 7.0

=we s.sub(s3,

>>> s.div(s3,

5> s.mul (83,

now

DataCamp

or Data Scienc
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NumPy Basics

Learn Pythen for Data Science Interactively at www.DataCamp.com

The NumPy library is the core library for scientific computing in
Python. It provides a high-performance multidimensional array
aobject, and tools for working with these arrays.

Use the following import convention: NumPy
>>> import numpy as np
NumPy Arrays
1D array 2D array 3D array
axis1 o _axis 2
axis 1

XS O = | n n i

n B n axis 0 =)

Creating Arrays

>>> & = np.acray([1,2,3])

2> b = np.array{[(1.5,2,31,

= ¢ = np.array{[[{1.5.2,3),
dtype = float)

(4,5,811,
(4,5, 817,

dtype = float}
13,21}, (4,581,

Initial Placeholders

L3S
>
2

ap.zeces{{3,4)]
ap.ones (|2,3,4),dt ype=np. int18)
d = np.arange(10,25,5)

Create an array of zeros

Create an array of ones

Create an array of evenly

spaced values [step value)

Create an array of evenly

spaced values (number of samples)
Create a constant array

Create a 2X2 identity matrix
Create an array with random values.
Create an empty array

p. linspace (0,2, 8)

e = np.full ({2,2],7)

f = np.eye(2)
np.random. randem({2,2))
np.empty({3,2))

Saving & Loading On Disk

7> np.save ('my_array', al ‘

»»> np.saves|'array.npz', a, bj
3> np.load('my_srray.npy®)

Saving & Loading Text Files

[>> np, loadtxs ("myfile, txt") ‘

>»> np.genfromtxt ("my_file.csv®, delimiter='
>> np.savetxt("myarray.txt", a, delimiter=

> np.int6d Signed 64-bit integer types

>> np.floatdz Standard double-precision floating point.

=5> np.complex Complex numbers represented by 128 floats
> np.bool Boolean type stering TRUE and FALSE values
> np.cbject Python object type

>3 Fixed-length string type

>> np.unicode Fixed-length unicode type

Inspecting Your Arra

Also see Lists

>>> a.shape Array dimensions

>>> len{ab Length of array

e bondim MNumber of array dimensions

by e.size MNumber of array elements

2> b deype Data type of array elements

[>>> b.dtype.name Name of data type

> D.astype {int) Convert an array to a different type

Asking For Help
[>»> np.info[np.ndarray.dtype)
Array Mathematics
Arithmetic Operations

>>g=a-=-b Subtraction
acray([[-0.5, 4., 4.7,
-3, -3, -3 1))
»>> np.subtract(a,b) Subtraction
> bt oa Addition
aevay ([l 2.5 4, , & |,
15 c T %01
Br> np.add (b, a) Addition
#r> a / b Division
array([[ 0.66665667, L. .l 1.
[ 0.25 .o . 0.5 1
B>> np.divide(a,b) Division
B>> a * b Multiplicatian
acray([l 1.5, 4., 5.1,
L4, 10,0, 160D
»» np.multiply(a,b) Multiplication
»» np.expib) Exponentiation
P>> np.sqre(b) Square rool.
>> np.sinia) Print sines of an array
>> np.cas (b Element-wise cosine
B> np.log (a) Element-wise natural lagarithm
>> e.dot (£] Dot product
seray (Ll 1., T.1,
L7 T00b
Comparison
> =b . Element-wise comparison
[Faiony aiea, Fuiecl], deypasbosi)
»»oa < 2 Element-wise comparison
areay ([ e, . 1. deype-boal)
»r>x np.array_equal{a, b) Array-wise comparison

Aggregate Functions

»>> a.sum() Array-wise sum

>>> a.min() Array-wise minimum value

>>> b.max (axis=0) Maximum value of an array row
>3 b, cumsum (axis=1) Cumulative sum of the elements
> a.mean () Mean

>o> b.median () Median

2> a.carrecel {) Correlation coefficient

>>> np,std(b) Standard deviation

Create a view of the array with the same data

=2 h = a.view()

[=>> np.copyilal Create a copy of the array
=>> h = a.copy() Create a deep copy of the array
[ SortingArrays __________]
Sart an array

Sort the elements of an array's a

Pa> b[1,2]
6.0

Slicing
be> al0:2]
areayi[l, 213
P>> b[0:2,1]
array(l 2., 3.0
B3> B[:l
aszay([[L5, 2., 311
P> cll,
acrayd[[]
ra.,

1]

L
Boolean Indexing

b>> ala<2]
array([1])
Fancy Indexing

pe= BIIL O 1, 01,00, 1, 2 01]

1.8)}

ma a
arrayi[s,

2

BT

array([ 4. 2, , 6 ,
x> b((L, 0, 1, @1](z, [0,1,2,01]
arsayefl

L2
1.5,"2
o

fis 3 Hei

Select the element at the 2nd index

Select the element at row o celumn 2
(equivalent to (1] 12])

Select items at index o and 1
Select items at rows 0 and 1 in column 1
Select all items at row o

{equivalentto =[o:1, :1)
Sameas [1,:,:]

Reversed amay a
Select elements from 2 less than 2
Select elements 11,03, ,13,41,21 and 0,0

Select a subset of the matrix’s rows
and columns

Transposing Array
»> i = pp.transpose (b}
o> 1T

Changing Array Shape
>3 b.ravel (}
>>> g.reshape |3,-2)

Adding/Removing Elements
>>> h.resize(|2,§))

»> np.append (h, g)

>> np.insert(a, 1, 5)

5 np.delete (s, (1))

Combining Arrays
>> np.concatenate(la,d),axis=0)
arrayi[ L, 2, 3, 10, 15, 200)
> np.vstack({a,b)}
acray(([ L.,

[ 1.5,
d.
3> np.r_|e, £]
>> np.hstack|{e, £))
array ([ Tur

L9 T G, 1D
>> np.column_stack((a,d})
azeay(([ L, 0],

33 np.r_‘_[‘a,dj
Splitting Arrays
>> pnp.hsplitis, )
larraypi[1]),array([2]),aczay ([3]}]
»» np.veplitlc,2)
lazeay ([[[ 1.5, 2.,

L
u—u,-([[[

Array Manipulation

Permute array dimensions
Permute array dimensions

Flatten the array
Reshape, but don't change data

Return a new array with shape (2,6)
Append items to an array

Insert items in an array

Delete items from an array

Concatenate arrays

Stack arrays vertically (row-wise)

Stack arrays vertically {row-wise)
Stack arrays horizontally (column-wise)

Create stacked column-wise arrays

Create stacked column-wise arrays

Split the array herizontally at the 3rd
index
Split the array vertically at the 2nd index

DataCamp
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Data Wrangling
with pandas
Cheat Sheet

http://pandas.pydata.org

Syntax - creating DataFrames
[

1 4 7 10
2 5 8 1
3 6 9 12

df = pd.DataFrame(
{"a" : [4,5, 6],
"b* : [7, 8, 9],
%z [18, 11, 121},
index = [1, 2, 3])
Specify values for each column.

df = pd.DataFrame(
[[4, 7, 1e],
[s’ 8’ u])
[sa 9, 12]],
index=[1, 2, 3],
columns=[‘'a‘', 'b*, 'c'])
Specify values for each row.

1 4 7 10
d

2 5 8 1
e 2 6 9 12

df = pd.DataFrame(
"a" : [4,5, 6],
"b" : [7, 8, 9],
el D C R Bl S AT
index = pd.MultiIndex.from_tuples(
[('d*,1),('d*,2),('e",2)1,
names=['n*,'v'])))
Create DataFrame with a Multilndex

Method Chaining

Most pandas methods return a DataFrame so that
another pandas method can be applied to the
result. This improves readability of code.
df = (pd.melt(df)
.rename (columns={
‘variable' : ‘var',
‘value' : 'val'})
.query('val >= 200')

In a tidy
data set:

[l A

1

Each variable is saved
in its own column

Each observation is
saved in its own row

Tidy data complements pandas’s vectorized
operations. pandas will automatically preserve
observations as you manipulate variables. No
other format works as intuitively with pandas.

Bk N

M % A

Reshaping Data - change the layout of a data set

df.sort_values('mpg')

Order rows by values of a column (low to high).

df.sort_values('mpg',ascending=False)
Order rows by values of a column (high to low).

df.rename(columns = {'y':'year'})

pd.melt(df) df.pivot(columns="'var', values='val')
Gather columns into rows. Spread rows into columns,
s = .

] ]
- -
pd.concat([df1,df2]) pd.concat([df1,df2], axis=1)

Append rows of DataFrames

Append columns of DataFrames

Rename the columns of a DataFrame

df.sort_index()
Sort the index of a DataFrame

df.reset_index()

Reset index of DataFrame to row numbers, moving

index to columns.,

df.drop([ 'Length', 'Height'], axis=1)

Drop columns from DataFrame

Tidy Data - A foundation for wrangling in pandas

Bl

Subset Observations (Rows) Subset Variables (Columns)

df[df.Length > 7]

df.drop_duplicates()

df.head(n)

) ) [ o
el

Extract rows that meet logical
criteria.

Remove duplicate rows (only
considers columns).

Select first n rows.

df.sample(frac=0.5)
Randomly select fraction of rows.
df.sample(n=10)
Randomly select n rows.
df.iloc[10:20]
Select rows by position.
df.nlargest(n, 'value')
Select and order top n entries. \.*

-

df[['width’, 'length’, 'species']]

Select multiple columns with specific names.
df['width'] or df.width

Select single column with specific name.
df.filter(regex="regex"')

Select columns whose name matches regular expression regex.

regex (Regular Expressions) Examples

Matches strings containing a period .

Matches strings ending with word ‘Length'

Matches strings beginning with the word 'Sepal'

Matches strings beginning with 'x' and ending with 1,2,34,5

‘*A(?1Speciess).**

Matches strings except the string ‘Species’

df.loc[:,"'x2"':"'x4"]
Select all columns between x2 and x4 (inclusive).

Select columns in positions 1, 2 and 5 (first column is 0).

df.tail(n) df.nsmallest(n, ‘value') ‘Lengths'
Select last n rows. Select and order bottom n entries. : =
~Sepal
"x[1-518"
Logic in Python (and pandas)

< | Lessthan 1= Not equal to

> | Greater than idf.column.isin(values) Group membership

= | Equals pd. isnull(obF) IsNaN df.iloc[:,[1,2,5]]

<= | Less than or equals pd.notnull(obj) Is not NaN

>= | Greater than or equals [§&, | ,~,~,df.any(),df.all() |Logical and, or, not, xor, any, all

sedat arel This cheat sheet inspired by Rstudio Dats Wrangling Cheatsheet I

df.loc[df['a'] > 10, ['a’,'c"']]
Select rows meeting logical condition, and only the specific columns .

adl) Written by Irv Lustig, Princeton Consultants
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Summarize Data

df['w'].value_counts()
Count number of rows with each unique value of variable

len(df)
# of rows in DataFrame.
df['w'].nunique()
# of distinct values in a column.
df .describe()
Basic descriptive statistics for each column (or GroupBy)
== | ] -
|
]
=
pandas provides a large set of y functions that operate on

different kinds of pandas objects (DataFrame columns, Series,
GroupBy, Expanding and Rolling (see below)) and produce single
values for each of the groups. When applied to a DataFrame, the
result is returned as a pandas Series for each column. Examples:

sum() min()
Sum values of each object. Minimum value in each object.
count() max()

Count non-NA/null values of

each object. mean()

median() Mean value of each object.
Median value of each object. ~ var()

quantile([e.25,0.75]) Variance of each object.
Quantiles of each object. std()

apply(function) Standard deviation of each
Apply function to each object. object.

Group Data

df.groupby(by="col")
Return a GroupBy object,
(UMM grouped by values in column
named "col".

=
=> =
|
df.groupby(level="ind")
Return a GroupBy object,
grouped by values in index
level named "ind".

Additional GroupBy functions:
size()
Size of each group.

agg(function)

Maximum value in each object.

df.dropna()
Drop rows with any column having NA/null data.
df.fillna(value)
Replace all NA/null data with value.

Make New Columns

df.assign(Area=lambda df: df.Length*df.Height)
Compute and append one or more new columns.
df['Volume'] = df.Length*df.Height*df.Depth
Add single column.
pd.qcut(df.col, n, labels=False)
Bin column into n buckets.

==l ENENE . .-
Vector 2N
function

= -

pandas provides a large set of vector functions that operate on all
columns of a DataFrame or a single selected column (a pandas
Series). These functions produce vectors of values for each of the
columns, or a single Series for the individual Series. Examples:
max(axis=1) min(axis=1)

Element-wise max. Element-wise min.
clip(lower=-10,upper=10) abs()

Trim values at input thresholds Absolute value.

All of the summary functions listed above can be applied to a group.

Aggregate group using function.

The examples below can also be applied to groups. In this case, the
function is applied on a per-group basis, and the returned vectors
are of the length of the original DataFrame.
shift(1) shift(-1)

Copy with values shifted by 1. Copy with values lagged by 1.
rank(method="dense") cumsum()

Ranks with no gaps. Cumulative sum.
rank(method="min") cummax ()

Ranks. Ties get min rank. Cumulative max.
rank(pct=True) cummin()

Ranks rescaled to interval [0, 1]. Cumulative min.
rank(method="'first"') cumprod()

Ranks. Ties go to first value. Cumulative product.

L Windows Plotting

df.expanding()
Return an ding object all
applied cumulatively.
df.rolling(n)
Return a Rolling object allowing summary functions to be
applied to windows of length n.

summary f to be

Cheatsheet

itei//pandas pudata orgl This cheat sheet inspired by ¥

studio comiwn:

df.plot.hist() df.plot.scatter(x="w',y="h")

Histogram for each column

heatshest odf) Written by lrv Lustig, Prnceton Conmltants

C'3

Lt [ %2 x3 | pd.merge(adf, bdf,
A 1 EE

how="left', on="x1")

8 2 lFl Join matching rows from bdf to adf.
C 3 NaN
| x1 [%2 x3 | pd.merge(adf, bdf,
B 1.0 B how="'right’, on="x1')
8% 20 FF1  join matching rows from adf to bdf.
D7 NaN T
Lt 2 | 3 | pd.merge(adf, bdf,
A 1 Bl how="inner', on='x1")
8 2 I Join data. Retain only rows in both sets.

(00 HEN pd.merge(adf, bdf,
A 1l

how="outer', on="'x1")

B 2 WEN join data. Retain all values, all rows.
C 3 NaN

D NaN[T

Filtering Joins

[ x1]x2] adf[adf.x1.isin(bdf.x1)]

| Standard Joins —=d

A1l All rows in adf that have a match in bdf.
B 2
[ x1]x2] adf[~adf.x1.isin(bdf.x1)]
C3 All rows in adf that do not have a match in bdf.
ydf zdf
{x1 |2 [x1]x2]
A1 + B 2 mmm
B 2 cl3 —
c3 D 4
__Set-like Operations
[x1]x2] pd.merge(ydf, zdf)
B 2 Rows that appear in both ydf and zdf
€3 (Intersection).
[xt | x2 ]

pd.merge(ydf, zdf, how='outer')
Rows that appear in either or both ydf and zdf
(Union).

pd.merge(ydf, zdf, how='outer',
indicator=True)

.query('_merge == "left_only"')

.drop(['_merge'],axis=1)

> ocnw»
.‘E & WN =

Rows that appear in ydf but not zdf (Setdiff).
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Data Wrangling
with dplyr and tidyr

Cheat Sheet

€)studio

T'dy ta - Afoundation for wrangling in R

m[A,

In a tidy :
data set: >

Each observation is
saved in its own row

Each variable is saved
inits own column

(MES A I F
—>

Tidy data complements R's vectorized

operations. R will automatically preserve R
observations as you manipulate variables, -
No other format works as intuitively withR. M % A

Syn aX - Helpful conventions for wrangling Reshaping Data - change the layout of a data set
[

cplyrtbl_df(iris)
Converts data to tbl class. tbl’s are easier to examine than
data frames. R displays only the data that fits onscreen:

Source: local data frame [150 x 5]
Sepal.Length Sepal.Width Petal.lLength
5.1 3 1.4

1 .5

2 4.9 3.0 1.4
3 4.7 3.2 1.3
4 4.6 3.1 1.5
5 5.8 3.6 1.4

Variables not shown: Petal.Width (dbl},
Species (fctr)

“plyrglimpseliris)
Information dense summary of tbl data.
tils View(iris)
View data set in spreadsheet-like display (note capital V).

=TT e
207 Rter Q
Sepallength  SepalWidth  Petaliength  PetalWidth  Species
f 5 35 14 02 senea
2 i 30 14 02 setos
s a 32 ™ 02 wea
4 an pas 15 0.2 setosa
s 50 18 14 02 saosa
. 54 1 1 04 seosa
k4 a6 34 14 03 wetoss
. 50 34 s 2 e
Aplyri%>%

Passes object on left hand side as first argument (or .
argument) of function on righthand side.

x %% f(y) isthesomeas f(x, y)
y %% f(x, ., z) isthesameas f(x, y, z )

"Piping" with %>% makes code more readable, e.g.

iris %%
group_by(Species) %>%
summarise(avg = mean(Sepal.Width)) %%
arrange(avg)

RStudio® s a trademark of RStudio, Inc. » CC BY RStudio » info@rstudio.com «

844-448-1212 « rstudio.com

11y gather(cases, "year", "n", 2:4)
Gather columns into rows.

--- ---=-

tidyr::separate(storms, date, c("y","m", "d"))
Separate one column into several.

Subset Observations (Rows) Subset Variables (Columns)

dplyr-filter(iris, Sepal.Length > 7)
Extract rows that meet logical criteria.
dplyrdistinct(iris)
Remove duplicate rows.
dplyr-sample_frac(iris, 0.5, replace = TRUE)
Randomly select fraction of rows.
dplyr-sample_n(iris, 10, replace = TRUE)
Randomly select n rows.
dplyrslice(iris, 10:15)
Select rows by position.
dplyr top_n(storms, 2, date)
Select and order top n entries (by group if grouped data).

LogicinR - 7Companson ?base:Logic

< Less than Not equal to

> Greater than %Bin% Group membership
== | Equalto is.na Is NA

<= | Lessthan or equal to tis.na is not NA

Greater than orequalto &, [, !,xor,any,all goolean operators

devtoolszinstall_github("rstudio/EDAWR™)

E-

tldyr ‘spread(pollution, size, amount)
Spread rows into columns.

]
1y unite(data, col, ..., sep)
Unite several columns into one.

“plyrodata_frame(a=1:3,b=4:6)
Combine vectors into data frame
(optimized).

plyrarrange(mtcars, mpg)
Order rows by values of a column
(low to high).

<plyr-arrange(mtcars, desc(mpg))
Order rows by values of a column
(high to low).

“plyrrename(tb, y = year)
Rename the columns of a data
frame.

dplyrselect(iris, Sepal.Width, Petal.Length, Species)
Select columns by name or helper function.

| Helper functions for select - 7select

selectliris, contains(""))

Select columns whose name contains a character string.
select(iris, ends_with("Length”))

Select columns whose name ends with a character string,
select(iris, everything())

Select every column,
select{inis, matches(".t."))

Select columns whose name matches a regular expression.
select(iris, num_range("«", 1:5))

Select columns named x1, x2, X3, x4, x5.
select(iris, one_of{c("Species", "Genus")))

Select columns whose names are in a group of names.
select(irls, starts_with("Sepal”))

Select columns whose name starts with a character string.
select(iris, Sepal.Length:Petal.Width)

Select all columns between Sepal.Length and Petal Width (inclusive).
select(iris, -Species)

Select all columns except Species.

Learn more with browseVignettes(package = c("dplyr", "tidyr)) » dplyr 040+ tidyr 020 + Updatec: 1/15
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