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1 6 148 72 35 0 336 0.627 &0 tested_positive
2 1 85 66 29 0 26.6 0,351 31| tested_negative
3 g 183 &4 D 0 23.3 0ET2 32| tested_positive
q 1 89 66 23 94 281 0,167 21| tested negative
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7 3 78 50 32 88 31.0 0.248 26| tested_positive
8 10 115 0 4] a 35.3 0.134 29| tested_negative
9 2 197 70 45 543 305 0.158 53| tested_positive
10 ] 125 96 4] 0 0.0 0.232 54] tested_positive
11 4 110 92 4] 0 316 0.191 30| tested_nepgative
12 10 168 74 0 0 38.0 0.537 34 tested _positive
13 10 139 g0 ] o a1 1.441 57| tested_negative
14 1 189 &0 23 246 30.1 0.308 59| tested_positive

AT Cols hlow pasuid (gl 0315 asgazme 1P UKW

* Reward
. Penalty
. Dataset
37
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. Data transformation

. Normalization

. Feature selection
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Ol wudd —\—F—1

1S ual ) by A e S b python.org cols 1) geul 1 el (o9, ©

LS SIS L s (Mac gy - PRI) L (jang slp - eXe) bl o) ogbh I e 50k cuas gl
S s |y s 3 39250 o follygins

ol cuas B 3l g0l lj &S 0S8 aypPprompt o jsiwd jleslatl b wSsid ol i sly

SVES PRI
$ python --version

02, Python
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Ubuntu sk Debian glaws » S cuas |y Python wal sasi cuas gl S
1S odlaiwl APl wsly e

$ sudo apt-get install python3

Iy §ygawd Canl 00 cumd g0l &S 2,5 18 (gymume 2 9 0S|l command prompt J

ol oA a5l Lgd relae b aiS Il sl asldl > a8
$ python3 --version
Python 3.6.2
S ol g 3B PIP saS s b ) jlidyee slaasluls” i plS o Wilg o b
Spip install numpy
Spip install matplotlib
Spip install pandas
Spip install seaborn
Anaconda .. el Anaconda j gl ek, clal cly 4l o 109d W9y ©
Oeizmed Ll smatplotlib g numpy il cpadle (555k jlisyse it (sladiug Joli
e & aiSa cwl python gy Jels ke & Jupyter notebook Jels
Sy el o o8 1wl L'j Gilwo > & 5l aSLl el Adb &S lojlnl e a4y 1) el y
slp Anaconda glaasws .wiS o awog ) ol j odlitul Lpo 4 038 sald juwgasly
» b 4ly Anaconda ew) <ol » Linux s Mac windows Jele (slapius
pcommand line p cuwloel asbl a1 ()90 90k cuas ) Jlueb! (gly .ol Lopwd
1068 ) e gl s o
$ python
e s (29
Python 3.6.3 |Anaconda custom (32-bit)| (default,

Oct 13 2017, 14:21:34)

[GCC 7.2.0] on linux
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import pandas
print (pandas. version )
0.22.0
import seaborn
print (seaborn. version )

0.8.1
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(knn) glues pySos bk o

(SVM) oty Jop il @

(DT)MM)D L]

(knn) " @lwod o iS30 3y Gk —\—Y

Il s ol el s b cand 02l sy (glagy )Nl ppesls I (S kNN 52,650
% S5k sl Sy S wigsS Ul S gl ol sl 035 oo 3890 o3l (ginaid Sl
@ 1y Sbjsel 03l asgerme aSk 5,8 cai 3L |y ol b Ky wisSl ol &S cde ol 4w el
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ladiges (5S35 b K danaiges plo I X dlols (65030851 b w68l ol 13 3)> 3gpg o2 ) lng)] Aol

% k-nearest neighbour
3 .
. Lazy learner algorithm

ool b 5,5 i 55l 5 5l sl 055 5 & Oy |y oeble saTol slapn S
(sl slagse
e |y ma sleesls Wl oo &l (nl eies oS &l S SOk lp ) iyeel cslaosls dcgaze (sl el
5 St O30Sy s Sl Slade b ladise WS samaias GBiel ool I sama dolil
Sass 2l 5 0,5 aseie bayall 5l b slasd b glysoe | syl bed sladoe (Blis s aiis asSVM
e gyt Glodae 5l pladisel (Bolai JSiz g preal S0 S e ady (higel gleeols L eyl
isad 1 s Sl 5 el Blate W33 e 650k ol 4 syl d Glae 3l lasgazen; 4 KNN
2 e 6Tk 5 Pl 8550 S e (650l s o0 plal Sjsel (slaosls asgaze (0 S 4 b xS0k
Raschka, S., Python machine bl o ped 50l Job 10 lanie ol Gho) ma Gad &5 Cuwl dges
learning. 2015: Packt Publishing Ltd.
°. Trainset
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8o degorme (ouiS o (Byro |y oad oolasiwl B3 degeme o3y iyl pl iS4 &Sl 5l 8
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e Iris setosa
e Tris virginica

e Tris versicolor
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S ol @l NP pb el balit (ly 5 S e Sl |, NUMPY Slels Lz
acgoxe modld degaze p il ceaS oo wlip 3y |y o] sloodls acgeme Sklearn Josbo 5 (ww
SBls plS a1y 0oy dcgezme pl slacws p g iges oS o 3 o3l 4lp |, 1ris bl

W] S o il 3

import numpy as np
from sklearn import datasets
iris = datasets.load iris()
iris data = iris.data
iris labels = iris.target
sas Ay il 8 aasl y 5 =\/W,a Db e Slalg seed w random M 4 NP &lbks”
i 05 cly oS el (cladgl Jade sae opl g8 0 Sl o 4 pumo (eoae oyl b e oyl o Bolas
olai dae lon 345 Il asby 45T Sos b e g ded e odliul ] ) random WM s dslas
o S (o0 Mg diges gla ol § Bolad iSOl e Gl BV dde ol ol o 0gd 0 Mg
ly Slo oo (Bl 4l g b9l B35 acgerme lgicar |y BT BV jpay 111 S 80l dcgormo (sladiges don

oS o ] gl 82l degaze Jyiea;
np.random. seed (42)
indices = np.random.permutation(len(iris data))
n training samples = 12

learnset data = iris data[indices/[: -
n training samples]]

learnset labels = iris labels[indices|[:-
n_training samples]]

testset data = iris datal[indices|[-
n training samples:]]

testset labels = iris labels[indices]|-
n_ training samples:]]
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X oS o Splp,Axes3D ymatplotlib Lol ¢ bjgel 53 acgemme il (clp Jl>
Gl For &b 9 oS o GbI ) b ) dd o & (o onS o i ysS S Spg0as |,
b Gl Sy 03l degarme ) gl b ez p b dod ol Sled Ul &S oS o pp d o

ol g LUP L@ Sy 0ygods COLOTS 3355 jow 9 jo ) SOy dw (5 asdio b g 2955
pobad (S poaw cde @) (Y-F JS5) pead oo olis |y S » sladisel SCatter u |
(o) 03,5 Mo Limio bghas L 1y s o (gl diges el
oS o0 oz w2 L]y 03l degese ploa g pow (Sl Shg) Slul gindw las
import matplotlib.pyplot as plt
from mpl toolkits.mplot3d import Axes3D
X =[]
for iclass in range(3) :
X.append ([ [], [], [1])
for i in range (len(learnset data)):

if learnset labels[i] == iclass:

X[iclass] [0] .append(learnset data[i][0])

X[iclass] [1] .append(learnset data[i][1])

X[iclass] [2] .append(sum(learnset datal[i] [2:]))
colours = ("r", "g", "y")

fig = plt.figure()

ax = fig.add subplot (111, projection='3d")

for iclass in range(3) :

ax.scatter(X[iclass][0], X[iclass][1],
X[iclass][2], c=colours[iclass])

plt.show()
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def distance (instancel, instance?):

# Just in case, if the instances are lists ortuples:

instancel = np.array(instancel)

instance?2 = np.array(instance?2)

return np.linalg.norm(instancel - instanceZ2)

L)
HNW""WO’\\JQLD

-
wn

40

35

30
25

45 ¢
S 6.0 6.5
703545 20

Qd p2 rdiged i led (Y-Y S
o sl b ep |y el Bges & ges S5 bk I ) get neighbors gb
oy g yblite Lges olyors 4 alold oyl g 390 0 0w (905l Dges U ) dhold odly dcgosme | diges
Olgsds alols Jlade oS Llol)l es e sdl distances cud 4 tuple oo a9 o
& oS o patuie Lambda pb b SOTT M p wad 0 03> TUPLE j2 pgd yais
il (Aols Jhde) Tuple j»pgd pate Wil p (distances) x cad (38 oy

def get neighbors (training set,
labels,

test instance,
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for

k,
distance=distance):

mwiwn

get neighors calculates a list of the k
nearest neighborsof an instance
'test instance'.

The list neighbors contains 3-tuples with
(index, dist, label) where
index is the index from the training set,

dist is the distance between the
test instance and the instance
training set[index]

distance is a reference to a function used to
calculate the distances

distances = []
for index in range (len(training set)):

dist = distance (test instance,
training set[index])

distances.append( (training set [index],
dist, labels[index]))

distances.sort (key=lambda x: x[1])
neighbors = distances|[:k]
return neighbors
oS oo el 1T 1S 85 dcgezme sladises slplyget neighbors b Jb
i in range (5) :
neighbors = get neighbors(learnset data,
learnset labels,

testset datali],
3,
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distance=distance)
print (i,
testset datalil],
testset labels[i],

neighbors)

il pablgh (295 lpiea 4l
[5.7 2.8 4.1 1.3] 1 [(array([5.7, 2.9, 4.2,

.31), 0.14142135623730995, 1), (array([5.6, 2.7,
.2, 1.31), 0.17320508075688815, 1), (array([5.6,
., 4.1, 1.3]), 0.22360679774997935, 1)]

[6.5 3. 5.5 1.8] 2 [(array([6.4, 3.1, 5.5,

.81), 0.1414213562373093, 2), (array([6.3, 2.9,
.6, 1.8]1), 0.24494897427831783, 2), (array([6.5,
., 5.2, 2. 1), 0.3605551275463988, 2)]

[6.3 2.3 4.4 1.3] 1 [(array([6.2, 2.2, 4.5,
5]), 0.2645751311064586, 1), (array([6.3, 2.5,

.9, 1.51), 0.574456264653803, 1), (array([6., 2.2,
., 1. 1), 0.5916079783099617, 1)]

6.4 2.9 4.3 1.3] 1 [(array([6.2, 2.9, 4.3,

1), 0.20000000000000018, 1), (array([6.6, 3.,
1.4]), 0.2645751311064587, 1), (array([6.6,

, 4.6, 1.3]1), 0.3605551275463984, 1)]
6

2.8 4.9 2. 1 2 [(array([5.8, 2.7, 5.1,
0.3162277660168375, 2), (array([5.8, 2.7,

[

.91),

.1, 1.9]), 0.3162277660168375, 2), (array([5.7,
5, 5

.y 2. 1), 0.33166247903553986, 2)]

ol lp )b Bl o 4 dles UK sl oy & S Lastie |y (oS B g o (b b
yaie yi3 8 b p LU wilw e class—counter o b LCounter WM K

) diod o 4 Glate sladiges din ol dlued o o p Byl &S Melghbors cud pow

GBlxie Lgas dlaxi olyed 4y 3yl |y dgas iy &S glawamoO st common (1) s L .3jladdy

most common (1) [0] [0] .hS ep obs tuple j o & 1) aw o &

S g Ty diges oyt 45 Gl (gl 0l lad & WIS ey |y Jgd TUPLE ) Jgl peis



Ahwaz_Hackerz

OleT OlSbuS (65598 S 48 duwwdo / (gl ugsewl b b guiblo S50 I

from collections import Counter
def vote(neighbors):
class counter = Counter ()
for neighbor in neighbors:
class counter[neighbor([2]] += 1
return class counter.most common (1) [0] [O]
l,get neighbors gbfor dib K p» gejl 83 dcgemme sladiges plod (gl puw
djge Bged iz VOLE @l Sl13 L wged o sbhaluan (18 (atiie | s iS00 SlB1E
oS (oo e |y gy
for i in range(n training samples):
neighbors = get neighbors(learnset data,
learnset labels,
testset datali],
3,
distance=distance)
print ("index: ", 1,
", result of vote: ", vote(neighbors),
", label: ", testset labels[i],

", data: ", testset datali])

a5 ges (gl KNN 0,6 b oS (glatod Byl (y90)] Lgod Byl iy b (2gys I ks o p
1 et 1) g0 053 g Aged Caw i A8 S

index: 0, result of vote: 1, label: 1, data:
[5.7 2.8 4.1 1.3]

index: 1, result of vote: 2, label: 2, data:
[6.5 3. 5.5 1.8]

index: 2, result of vote: 1, label: 1, data:
[6.3 2.3 4.4 1.3]
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(A}

index: 3, result
[6.4 2.9 4.3 1.3]

index: 4, result
[5.6 2.8 4.9 2. ]

index: 5, result
[5.9 3. 5.1 1.8]

index: 6, result
[5.4 3.4 1.7 0.2]

index: 7, result
[6.1 2.8 4. 1.3]

index: 8, result
[4.9 2.5 4.5 1.7]

index: 9, result
[5.8 4. 1.2 0.2]

index: 10, result of vote:

[5.8 2.6 4. 1.2]

index: 11, result of vote:

[7.1 3. 5.9 2.1]

of

of

of

of

of

of

of

vote:

vote:

vote:

vote:

vote:

vote:

vote:

1,

1,

2,

label:

label:

label:

label:

label:

label:

label:

label:

label:

1,

1,

2,

ULl b osls (g3iueiws /g Juad

data:

data:

data:

data:

data:

data:

data:

data:

data:

Wlodd (gdindiwd (o baigel ity A bjloss sl pay 0S o otalie (295 0 &S jeblen

*
[

S LS Cgody lgiie bl oy (K 0305 4y SlS Jaie cl 5 385 3gmg K e gl SIS ol 1SS

/Mf bawd i pbSSar da 81 Wb o bl o pSeeas O pg ),,,13 k sl b as u.of

knn wWadwd !y sklearn Jgjbo jloolwt—\—1-Y

Lknn glassaws ) @lise g9 ¢ jloslal Kol sklearn Jyb jneighbors &bslks

a2y o o &y

Wges o Wiged K Bluod (p3Sedp Uk il » KNeighborsClassifiers e
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sy Dyge Bges sladluen dxs wlwl » (RadiusNeighborsClassifier e
o 1y ol S a8 el giliel dae TS o gabatod |y wiges o) I ol glad
S e
il o celbyiolly b oS oniS odlitl diai i BBulS oyl J asky Sy gl b aSiy) 5 U3
o9 0
byl o
g g 030l (K) bayluan 33 (yound ¢l 9 conl zumo o34c :n_neighbors v
ool i) o & (@0 Jade g sl 5l (B8t Sigon;
S By bl 3 015 0 lsod (5S35 il (55 weens Wedights v/
wlad sl & Cons Aiwd S5 &S pladians 4 g o Do opl 15 05d pb] adised
ALl )3 Ladsged (9,5 5l0jg 21 (6 psSmme—al )3 (i (1jg Mo 593 45
DyS 0 Gy Welghts suls alS L neighbors
& Cad S diges der g Gyge ) » Welghts="uniform’ =
ol (28 i de led oyl
Dges o Aol jueSae wlul p &S cuwl Jj Weights="distance’ =
Dy 0 dpmlmo (i90]] 590 Ligal b
Sy gy dplre gl ) (b )l oS 0 g ISl ol 1 FlS 8 6
Gl g 0% 1y Cigel 2390 ged | lasiges slaalol Joli ()l wlgiee @b ol
LSl gy
23,5 0ol besluod (5S35 oyl sl olge olpda oS oot oSl 2 51 ¥V
A8 o olitel YBallTree’ ) jl:'bal tree’ v
4S8 o odlizel “KDTree’ M j:'kd tree’ v
&S e ol brute force gescws ji'brute’ v
a8 Gy JLtaglyiedn S bl |y gl cpcwlie 55 0 3 N aUtO” Y
brute force gpscws j 1l oniSTy & god (bjeel 5505 dcgorna) o3l L slo
&S o ool
sl cpl 4 a3 aie g ool 30 o (3 ke i ol s (ouc :Leaf_size v

Mas dgd e Jw)KDTree LBallTree slwu)sl lyp aie opl.coul g las]
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. sparse
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bgrye dis (Sigfe 4 ol Aty e 5 Cunl SIS0 aby sl e 9y el )

Sl
g el el 20 o (o3 ke el o )lisl T 4 20 )hde ¢ coul puzo sd0e (P Y
Aols sl 1 o] Jude oS Syg0p ol Minkowskl dob opSejlsl jlxe lp
D ly g o0 dslors T w8l Aol A3l 2 e 45 Sye0pd e e dnubre | yipie
e o dwole Minkowski (1p) dlols olgds
Minkowski o 4o ie Mbe cul Slglp LB L cul ais) g9 5 Metric v
ads o 0l alold duwlxe (gly ci 3 Ll
Sly el None o (oo Mie g cul 18500 ¢9 ;) Metric_params v
ol ord ansmetric ob gly oS slogless)
Silge cinlog Shiws 5 cyennd sl 1 o 58yt e g sl o (02 :N_jobs v
yllg olaas Sygo cpl 2l =1 o e 31 laslusn (s2gcun Jos plsl (ol
CPU sladiws dlias b el ply
sklearn.neighbors &bl jKNeighborsClassifier Wi j wals o b
VF] oS odlasl 11 s 85l degesme (59,
# Create and fit a nearest-neighbor classifier
from sklearn.neighbors import KNeighborsClassifier
knn = KNeighborsClassifier ()
knn.fit (learnset data, learnset labels)
KNeighborsClassifier (algorithm="auto',
leaf size=30,
metric="minkowski',
metric params=None,
n_jobs=1,
n_ neighbors=5,
p=2,

weights="uniform')

. Manhattan(l1)
10, Euclidean(l2)
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print ("Predictions form the classifier:")
print (knn.predict (testset data))
print ("Target values:")
print (testset labels)
Bl bl (295
Predictions form the classifier:
(12112201101 2]
Target values:

(12112201201 2]

N F g was slrasus —Y—Y

o b (50 e | 43 )l cosl aside o] pU ) 45T pboplen sguas e (aSid
PUS 2 oSl gy Vo'l el it g dtwgmeddy 4SS Jold sl o &S 39d o 03] wesS Caud
5 T, e sk 1y Lol i5u aw ol (g5 V] Cad Jate g5 V0T 4 hawsie gy
Pl bl 5 Shad gl Joho By j cipn sbasls e cod gbadls cuwl T ogusT
gy plo logmbon & 09 (298 Sl sl ST 0 0 2Bl gy plo bl

(Y=Y JS5) dgu g0 00l

WY S50y g i 33 (s A — =YY

il pj Jolye Jold g sl odlos Jlws gyt S5 (650b gy WS oo (Silwdnnd |y (G (195
Al (Solal So o8 ade S Slgie e pl b e adsl (B3)Mke (g p @

ged o slilay @
v
v

Dgdse Ao (9w (295

Dedise josd Ojg My

! Artificial Neural Networks
1Z.Soma
3.Dendrhes
14
. Axon

15
. Perceptron
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Jop bojs) Sedee wpe liblie lagy 395 SIS Geyeen b g9p S BN 2
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aox o b gy BBl i 639y b JiSew ashl > cul ity 4B dges o b sl iy
Jobo 5 515500 45 osiS @3ll gar o 4,01 pb &y oo 45 35 vy lSel ol il g e
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[3] 2l

Neuron (peripheral nervous system)

Dendrite Axon
terminal

Mode of
Ranvier

Schwann cell

Myelin sheath

Mucleus
DFP] Gy 99 S U8 L =Y IS5
) col Sile (il Jed BB cpl g op gorle
y wx+ b=t
wix) =
(x) { otherwise ®)

09 )lb)g W )].))g 9 (4;94)) » dl‘a’;)‘lﬁ Sl b ol )g‘)g )‘.))g U)l )AoL.C .)L\a.')') Gl 4S5 $39)9 )l.))g X
oS Sygop Cal pasuie (V) @jle 3 a5 joblen amd o Ui |y as Wbl (e D o o] bliae
2o Gl Jolee) 29 aali 1 g (g sl o (Sasiesie)l e K jJwx + b

ol O 098P 9 Ljgo uﬁ‘)ﬂf' » (L;“-Wi) 09y

18 Activation function
17 . .
. firing
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nucleus |

cell body

saynuap
asdeufs

perceptron /| JHCI NS @
neLran h

CVF] Eghas omas A 13 gy Sy b (g j (955 (S5 lwamd (F-Y UL

S a3 ol |y Y S5 gy (Sae (was 803 sl ) ghole JSa oY S

W] ol ™ pgiiin ras a5 JSS o seske

X1 Wi

X2 W2 v
w3

X3

5955 St 3 Bl (o 0 K s B-Y JS

" Feedforward: JUSes S jsi soaSd 5 45 ol il jpiuiy (gloaSad b gy (sloaSads oolis
33 0929 J3 AV L ¥ plea lacyy s b g ples 4 (9 S5l (55 0
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Error=w(x) — target value (v)

oS ol K505 s p tAT Gt Value el ons alre g ponp b 45 Col dges cans p w(x)

elassly bigel 03> degazme y

e X &ged J (Sho sl

w; = w; =+ dwj ()
dwj = a* eITor* Xx; (¥)

AW; e (X7) X oo J ol Shy 9 @ x5l g5 » o) 0pe g b i oyl cud 4 L
Osrn b o G Sl )8 45 (can Bged cald] )3 095 0 BLAI W ) Jade pl 5 3550 dnmlne
S9rte Oip Jop Bame (29 el s @ s g 390 plonl dbne > g oy b g Aunloxe
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Update
weights
z/_ error
X1 Wi
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NS 3l ookl b s oS o0 g5 bjgel 83D degerme lgicdr diwd 93 o gl bl ool L
sob ppd tUPLle g cwl bl X Glask Jd tuple & myle cws s tuple o zip
oy WIS pblis scatter we ypyplot WM il eslitel b s .l blis ¥ Slaise
oS (o0 oy S ) SIS
from matplotlib import pyplot as plt
classl = [(2, 4), (2, ©6),(2, 1),(2.5, 1), (3, 4), (4, 4),

(3.7, 5.8),(3.2, 4.6), (5.2, 5.9), (5, 4), (7, 4), (3,
1), (4.3, 4.3)]

class2 = [ (0, _7)1 (-1, -1), (-1, =-3), (-2, -6), (-2, -1),
(_31 _2)1(_31 _4)1 (_21 -3.5 ’ (_11 _6)1 (_3/ _4-3)/ (_

)
4, -5.6), (-3.2, -4.8), (-2.3, -4.3), (-2.7, -2.6), (-
1.5, -3.6), (-3.6, -5.6), 4.5, -4.6), (-3.7, -5.8)]

— N

X,Y=zip (*classl)
plt.scatter(X,Y,c="r")
X,Y=zip (*class?2)

plt.scatter(X,Y,c="g")

el il (295
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LS . paeb o NP Jlaidla |y o] g oS o0 Sl olas sue Wy (gly |, NUMPY &bouks
4y ol 00 polaid! gladiges S Um0 Sl Counter oM collection
4 baw ol 0. 0iS 0 e |y Perceptron Wl Jb .ojleds doby sloml o 1) awws
IS g3 a8 jobo e 15 qouiS oo s jai 1y (39 0y 0305 degesme Syl wll p (1NI L) adsl 2 )ade
oS oo (2o 35 1y (S0l Fp L 95 0 sblie Ay G900 das il ol astie Y-0
ol Cys Sldas Call gl p .S 0 iy |y 95 L perceptron gjlwjkd ob abl p»
dpsls ez AT UST @b 0 2930 plsl ilodled @b SISl 5 o] zor Gupm 5 logjy
Dgdiee S s > aas o] glbas lgisar g 2930 o5 () o adly Jude I Al p gl 00
@ a5l g 0 wps 15 Fp ol ol adl 3 g 0 wps ks S e cpl e

Dgud oo 03938 Jlaid 90 Aot b Jblie jjg 4 (COTTrection) ul o cus
import numpy as np

from collections import Counter

class Perceptron:

def init (self, input length, weights=None) :

if weights==None:

self.weights =

np.random.random( (input length)) * 2 - 1
self.learning rate = 0.1
@staticmethod

def unit step function(x):
if x < 0:
return O

return 1

def call (self, in data):

weighted input = self.weights * in data
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weighted sum = weighted input.sum()

return
Perceptron.unit step function(weighted sum)

def adjust (self,
target result,
calculated result,
in data) :
error = target result - calculated result
for 1 in range(len(in data)):

correction = error * in data([i]
*self.learning rate

self.weights[i] += correction

o) Gl (gam9d jgody 00 dcgazme vpijlw o P pb 4 s i S Perceptron (wMS e8]
il S o Jlo) o & Perceptron oS e b dle sl il oleca |y s
oy diged oy e Sl |8 pia S o Sl3lE D b Jadust s 1 die p dge
Iy 5 oot 9 pbsl adJUST sie 3 (6550 Sldas b S o Jlo) Lo 1y diges g o0 duuwloxe
evaluation pba: s & Counter S il . edd e pbol 2 &wd p dges » <ly
P e LAt sladiges bl for ds & p chain b oolatwl b e aojlo oo
@il 1 oosd dusle can p Sl 905 o sly o 0 plsl TTeration 2 & sldaige
2ly 5 2 oM sladiges dlaxs 4y Cygo (ol pw 4D 5 g o0 03930] anly K 1 MS sladiges dluss
Aoyl ) 395 o aio P £ o b y90j] (sladiges g olgdd Lges 95w p dald] )3 395 o abl]
Ded oo Pl Jo3 iy 4 dod Byl ol e 4 dtod p polic D mOSt  common () ae b
from itertools import chain
p = Perceptron (2)
for point in classl:

p.adjust (1,

p (point),

point)
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for point in class2:

p.adjust (0,

p (point),
point)
evaluation = Counter ()

for point in chain(classl, class2?):
if p(point) == 1:
evaluation["classl"] += 1
else:

evaluation["class2"] +=1

testpoints = [(3.9, 6.9), (-2.9, -5.9)]
for point in testpoints:

print (p (point))

print (evaluation.most common () )
el ealg (295 2

1
0
[('classl', 20), ('class2', 18)]

oS oy Aol Cawd dy poae A5 b oS 1) dtd 93 5uS S8 bd punled o 955l
from matplotlib import pyplot as plt
X, Y = zip(*classl)
plt.scatter (X, Y, c="r")
X, Y = zip(*class?2)

plt.scatter(X, Y, c="g")
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X = np.arange(-7, 10)

5*x + 10
m = -p.weights[0] / p.weights[1]
plt.plot(x, m*x)

plt.show()

il s >80
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2. Multi-layer Perceptron
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Xy

X2 ’

X3 ’
+1

+1 +1

Input middle layer1 middle layer2 output layer

(Y] 9ni 005 (A Y S (lgeds (63959) @Y aw (g iy (omas ASwd IS JSWS A=Y U

Jate (s30 &Y & Ml 4Y o o cul jpiny (pas 8ad S 1 Jgie o pboplen MLP 83

Al dnily dg g Wilgi o (gdaxe Sl sladsY 4SS ol > ol

bocwl ply Jol Slhe &Y 3 95 (63959

— T
Vi = &= W

Ki 'xi (Q)

7

ool ol T 95 (63959 ¥ ool pl 1 (639)9 X g sl pl T 0igp 4 0 3y slayje Wi oS g psby
83939 o Dgde Cp dn WY ig » Job g d9b e Jlesl (639)9 ol 69y ilwdld @b
b ol gl ey &Y gy

Vi = X F(;)wie (*)

Glojiall ool (gly e a5 (6550l e Bl) pae cdedy @WYains  iae laaSls slids e
WY lnaSis g atsly bl an 3160 heds g el MLP 48 (¢5epg op 8 @ oS

aYus cbasid gy |, SLPRY L LMS™ 6,50 596 50 3B Ll cindy apess 4Yiin 4

21 Least Mean Square
2, Single Layer Perceptron Rule
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Josl— I MLPClassifier jwl S jolir Wl paly 5 0w wd o ol 0
oS (Gaodiwd oS o0 Sl (gimgd slad p &S]y bl sklearn.neural network
bla lgusdn |y alads 8 g Jol diwd bl loisay 1y dais 0+ 8oy m595 ab 51 oolasl b lag] [VF]
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import numpy as np

import matplotlib.pyplot as plt
npoints=50

X, Y=[1, 1]

#classO

X.append(np.random.uniform(low=-2.5, high=2.3,
size=(npoints,)))

Y.append(np.random.uniform(low=-1.7, high=2.8,
size=(npoints,)))

#classl

X.append(np.random.uniform(low=-7.2, high=-4.4,
size=(npoints,)))

Y.append(np.random.uniform(low=3, high=6.5,
size=(npoints,)))

learnset=1[]

learnlabels=]]

for i in range (2):
# adding points of class i1 to learnset
points=zip (X[1i],Y[i])

for p in points:

3 Back Propagation
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learnset.append (p)
learnlabels.append (i)
npoints test=3*npoints

TestX=np.random.uniform(low=-7.2, high=5,
size= (npoints test,))

TestY=np.random.uniform(low=-4, high=9,
size= (npoints test,))

test set=[]
points=zip (TestX, TestY)
for p in points:
test set.append(p)
colors=["b","r"]
for i in range (2):
plt.scatter (X[i],Y[i], c=colors[i])
plt.scatter(TestX, TestY, c="g")

plt.show()
LY L ] .
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sla gy Dl WS ol gelb gl by o MLPClassifier o bl 4 ashl p»
syl cd Sle &Y pell (slaygy dhiad Byre LUPLE die (poll 398 0 pasuiio She slaasY
I Lacyie Sloyist sy &S miS o patuie SOLVETr ol p.cw L2 pp 0> e alpha
el (e ) 18 gd Ly atl ply el ol & (hge)d (Jlaglisds oS o ool () >
059 Silwdigy g b5 2Rl e sl bsy i 45 e b ge kil T« Balas bol,S
ol (jgal (gl alads o oS Canl Sladd dlaad 5ULS jasuie MAX  1ter gall wed eslis
sl S verbose pll ol 6505 lixe gl opl o5 la by, 3l edlitnl Cygo ) 39b o
295 2y eyl Cdpiy 343 ErUE & Spgopn cwl False o (oh i Jaie & cul s
uedio sla ) S5 olaxs lax 10SS mb ude a5 Shaopn AS o asie TOL jl)l S o Gl
oy 48 il 5 an) sy ol 4 il b 5 Sl 005 Jools San 3,5 st Slos
n _iter no change gelb b b)ss slas oyl (18 iuks learning rate
int aie oS Speprandom state yehl.cal 10 o] (o8 ke Mo & 345 0 asuin
o~ learning rate gl uS o Jos Soladsie Wy oIy Seed aca Lol auib
d die) ool oy oledbl cens gl bl p ke e g bl arab ol Jade il e
A4S aslp help ("sklearn.neural network.MLPClassifier")

tnS oo o2yie 1y o o al)b 5 il o £ o5 S MLPClassifier (oS jlasbl p»
import matplotlib.pyplot as plt

from sklearn.neural network import MLPClassifier

mlp=MLPClassifier (hidden layer sizes=(20,3),
max iter=150,alpha=le-4, solver='sgd', verbose=10,

tol=le-4, random state=1, learning rate init=0.1)
mlp.fit (learnset, learnlabels)

print ("Training set score: $f"
%mlp.score (learnset, learnlabels))

print ("Test set score: %f"
smlp.score (learnset, learnlabels))

mlp.classes

2% Stochastic gradientdescent
25 .
. adaptive
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Iteration 1, loss = 0.50797205

Iteration 2, loss = 0.46516639

Iteration 3, loss = 0.42332629

Iteration 4, loss = 0.38026803

Iteration 5, loss = 0.35050637

Iteration 6, loss = 0.31915585

Iteration 7, loss = 0.28860783

Iteration 8, loss = 0.26111990

Iteration 9, loss = 0.23599666

~

Iteration 10, loss = 0.21283000

0.00892032

Iteration 97, loss
Iteration 98, loss = 0.00883781
Iteration 99, loss = 0.00875684

Training loss did not improve more than
tol=0.000100 for 10 consecutive epochs. Stopping.

Training set score: 1.000000
Test set score: 1.000000
array ([0, 11)
oS ot b ose)l 83 degere (slacuny p meal o Gl odpusy (bl 4 hjgel &S (9]
predictions=mlp.predict (test set)

predictions
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array([(o, o, o, o0, 1, o0, o0, 1, 1, o0, o, 0, 0, 0, 0, O,

o, 6,1, 1,1, 0 0, 0, O, O, O, 1, O, O, 1, O,

o, o, ¢, ¢, 1, o, 0, 0, 0, 0, O, O, O, 1, 1, O,

pedd e (L (Gpgal Cygodr |y (295 st Lo e S sl

testset=np.array(test set)
testset [predictions==1]
colors=["#COFFFF', "#FEFC8C8"]
for i in range (2) :

plt.scatter (X[1],Y[i],c=colors[i])
colors=["r","g"]
for i in range (2) :

cls=testset [predictions==i]

Xt,Yt=zip(*cls)

plt.scatter (Xt,Yt,c=colors[i])
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dx

% Back Propagation
= Sigmoid function
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Mwﬁékwdwlalﬁ&wtxbf&lp 1S aY A WG] e tegw Al o
Dgd e dpwlne (W) e &Y & (639)9 )03 (i s (b3 2B) B (S 3ide K30 )kea 253

N T (o —9(al- w0 (- 0)) =
Sw.(o(v—0)x)=48x (W)
sl e &Y il ey slas Gyee 8, 45 s o
Cap p aSd slagjy dbs S Glitde dubxe A 145 B 59 (Slwyje,4 10,k Al o
s e A8 oo pazule | 09 ol p25 Jgb 7 ol e gd 0 Shuyigps s pLal)S rals

L Caol )gl)g ‘39‘:"_;" 035}5‘ (J)9 LA& )l.&.s.o LY S ‘055 dl.tb)].))g

Aw, = —yxd, ('Y)

&Wv = —70, S'r (\\")

& cip @ lalie ol ad dsslne AW, 5 AW, (690) TSy 85 Tl 6550k Sl
b (hlie 3 9d0e pbxl o0 & S iy Slujjorts Sk 4 dadiem 039381 Wi g Wy (e
epoCh & il ae Ll bl sd 0 e AW, 5 AW, S o iy a5 517 lazus 6,50l
EPOCH cpix 4t wb Lo g3 plosl by (Slupigsts (85 & bag das Jlacl b )
S Ghjge] st dlgo 03l i iz b & olin Spgo (] 3 oy pesize slaS 4 B9 IS5

DALty g0 s 4y late glatws &jp0a;

s o 4ol ) BP s8I b s (sloaSes ssel (0,8 Jo S b

Jbe v

gwd B g pslar Lol oS 08 o3lazd MNT ST 83l ac gaseo | penlss o [VF] Jlto ol
acgosmo 'yl )b 903 L0000 o 90l 831> dcgormo 9 4iges 60000 o 90 831 degome .l
B a1y 0ol acgemmo oyl jl s Vo= ¥ S VY] Casl NIST 80 degoone jl dsgoome i <S5 00l
sla ol pas e w28 X 28 sl dacgemme ol palai sl e o LS pgad
S Jols b ol oyl 3l o )y JEmnist test.csvymnist train.csv

28 .
.online

. pattern
. Batch or offline
! Modified National Institute of Standards and Technology

2
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9 0 ) l_aau] )J)LS.A 9 Cwl po—ad LSLQ’J‘“S“" d)sw &S .))l.) Oy YAD 30> 4 golmo U’l G Ryl

MNIST 5515 dcgosne 5 (i VY=Y JS5

I all S ol ool 5 eslized L 1) oy acgeme NUMPY . loadtxt WM 5 eslanal b

ol 04 03lal 031y degazo yolic (gilwlis (gly (ST 4 j WS jasuine &Sl piY Lpadd o
ol 04 oolawl (gilwlin (gl (5 ) LI jl ool degemo cpl p oo lgicd

import numpy as np

import matplotlib.pyplot as plt

image size=28

no different labels=10

image pixels=image size*image size

data path="C:/Users/APPLE/Desktop/Folders/job/dibag
aran/database/MNIST/"

train data=np.loadtxt(data path+"mnist train.csv",d
elimiter=",")

test data=np.loadtxt (data path+"mnist test.csv",del
imiter=",")
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fodilonoie
cde S o eSS [0.01, 17 aly o polio .ol oS5 zobaw (sl 03l dcgame yglas
eslawl Ly ol )LS o) gl coail 4316 0 (6399 puply3 0 4 S ol ) LS )
Pl JuSo o Jide e oS o b Tloat o ) 4l g numpy.asfarray
oS o 8Ll 0. 0L ] Jools @ g i8S 0 00 0.99/255

fac=0.99/255

train imgs=np.asfarray (train datal[:, 1:])*fac +
0.01

test imgs=np.asfarray(test datal[:, 1l:])*fac + 0.01
test labels=np.asfarray(test datal:,:1])

train labels=np.asfarray(train datafl:, :1])

s5d SaS LS ol e md Gilei ONe—hot ¢pgwodn | Lacug p a8 )b L Le

Y wd b0, S sy o (lr==1label) .astype (np.int)

7 (S

9L 0 slel Jols a5 1S o 3bul 5w 10 g Jow S b sla)) Lr=np.arange (10)
Sl
import numpy as np
lr=np.arange (10)
for label in range (10) :
one hot=(lr==label) .astype (np.int)
print ("label=", label, " in one-hot
representation: ",one hot)
il el >80
label= 0 1in one-hot representation: [1 0 0 0 0 0 0 0 O O]
label= 1 in one-hot representation: [0 1 0 0 O 0 0 0 O 0]
label= 2 in one-hot representation: [0 01 0 0 0 0 0 O O]
label= 3 1in one-hot representation: [0 0 0 1 0 0 0 0 O 0]
label= 4 in one-hot representation: [0 0 0 0 1 0 0 O 0 0]
label= 5 in one-hot representation: [0 0 0 0 0 1 0 0 O O]

label= 6 1in one-hot representation: [0 0 0 0 0 0 1 0 O O]
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label= 7 in one-hot representation: [0 0 0 0 0 O 0 1 O O]

label= 8 1in one-hot representation: [0 0 0 0 0 0 0 O 1 O]

label= 9 in one-hot representation: [0 0 0 0 0 0 0 O O 1]
oS o Jos S5 cnl

lr=np.arange (no of different labels)

# transform labels into one hot representation

train labels one hot=(lr==train labels).astype(np.f
loat)

test labels one hot=(lr==test labels) .astype(np.flo
at)

# we don't want zeroes and ones in the labels neither:

train labels one hot[train labels one hot==0]=0.1
test labels one hot[test labels one hot==0]=0.1
train labels one hot[train labels one hot==1]=0.99

train labels one hot[train labels one hot==1]=0.99
Sl Cwogd a1y ool plplo sl S s CSV Ceoyd il beodly (yuiled oS wyloads as gie uySLLQo
e e pbslpickle Joslo JlAUmMP &b b ) cplouS o Jois

import pickle

with
open ("C:/Users/APPLE/Desktop/Folders/job/dibagaran/
database/MNIST/

pickled mnist.pkl","bw") as fh:

data=(train imgs,

test imgs,

train labels,

test labels,

train labels one hot,

test labels one hot)
pickle.dump (data, £th)
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loadtxt jleslawl j jrom hws & slgwpickle. load g by besh slg o Jl

il €SV la B g9,
import pickle

with
open ("C:/Users/APPLE/Desktop/Folders/job/dibagaran/
database/MNIST/pickled mnist.pkl","br") as fh:

data=pickle.load (fh)
train imgs=datal[0]
test imgs=datal[l]
train labels=datal[2]
test labels=datal[3]
train labels one hot=data[4]
test labels one hot=datal5]
image size=28
no of different labels=10

image pixels=image size*image size
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oS Juniform ubs . pmaS aJg 1y Loy olas plie Solai Jlop amujy S

Wl 048 @jg CAIESs Gygoa &S [Low, high) s3L )1, Jspslie numpy . random
1S oo o]

import numpy as np

number of samples=1200

low=-1

high=0

s=np.random.uniform(low,high,number of samples)

import matplotlib.pyplot as plt

plt.hist(s)

plt.show()

140 1

120 1

100 4

-1.0 —0.8 —0.6 —0.4 —0.2 00
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& Col oolael slaas Bpre N el NUMPY . random M Jbinomial b gam &b

b5l &S ol pladiges S S1ZE 5 cunl cusidge Jloin| P oagd plosl ol bl oy 5l el )3
229450

n=100

p=0.5

size=1200

s=np.random.binomial (n,p, size)

plt.hist(s)

plt.show()
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truncate normal sbaly) b s joslw lp & cwl truncnorm gus b
oS o Sl truncnorm mb cpl J3h 2 g S 0 gy

from scipy.stats import truncnorm

def truncate normal (mean=0, sd=1, low=0, upp=10):

return truncnorm((low-mean)/sd, (upp
mean) /sd, loc=mean, scale=sd)

X=truncate normal (mean=0, sd=0.4, low=-0.5,
upp=0.5)

s=X.rvs (10000)
plt.hist(s)
plt.show()

1200

1000 1

BO0 4

600 1

400 -

200 A

—0.4 -0.2 00 0z 04

truncnorm g9 U Hslai dac Yoo wgi 51 ol Sid 4ldg00 1V O-Y JSUS

truncnorm snumpy b Joile 5 ol il b coojldp o (omas aSs WIS iy 25 & daldl
adgl (2dlude gly (Bolasslslobel gly |y truncated normal xbs eSS o Slelsl,
2L jeoliwl L create weight matrices g p .S o ciyy Loy 4
oS oo Ayl (2ol de il A g Balat polie L ) i by truncated normal
LY slayjy By SElL . Who cul ase &Y & (639)9 oy sloyjy Bye sS€elf.wih

215 ) gy oo o (5Nl wg03) (99909 o o Sl tTain ab p.cwl sop Y4 b5




Ahwaz H

P ULl b osls (g3iueiws /g Juad

Ol nlie 5 9980 dpelre (W-)1) Sl @ dagi b (298 LY slad 5 isee &Y glad 5 (il Jld
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S aoby ol ) 395 0 odlatul (yg0jl (sloodly Cuns p duwlie slp TUN w5 }) ¢ oae b 4 bjgel
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o=l o o oS s s confusion matrix sba b NeuralNetwork

o ile il el o ond oty Gl eMS Gpme ] (igies y g (2Bly Gl M By il

J oS 4 Jbp cal Blate T oM & diged lin &S Cawl oo pl LS T g 9 1 Jlaw

slaJod s Cygods e Cpl cunl (glaiiwd 50 alime &5 b 0 a0l o iy diges ) (oly
RO S

import numpy as np

@np.vectorize

def sigmoid(x) :

return 1 / (1 + np.e ** -x )

activation function=sigmoid

from scipy.stats import truncnorm

def truncated normal (mean=0, sd=1, low=0, upp=10):

return truncnorm( (low-mean)/sd, (upp-mean)/sd,

loc=mean, scale=sd)

class NeuralNetwork:
def init (self,
no in nodes,
no out nodes,
no _hidden nodes,
learning rate):
self.no in nodes=no_ in nodes
self.no_out nodes=no_out nodes

self.no hidden nodes=no hidden nodes

32 . .
. Confusion matrix
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self.learning rate=learning rate

self.create weight matrices ()

def create weight matrices (self):

rad= 1 / np.sgrt(self.no in nodes)
X=truncated normal (mean=0, sd=1, low=-rad,
upp=rad)

self.wih=X.rvs ((self.no hidden nodes,self.n

0 _in nodes))

rad= 1/np.sqgrt (self.no hidden nodes)
X=truncated normal (mean=0, sd=1, low=-rad,

upp=rad)

self.who=X.rvs ((self.no out nodes,self.no h
idden nodes))

def train(self,input vector, target vector):
mwn
input vector and target vector can
be tuple, list or ndarray

mwmwn

input vector=np.array(input vector,
ndmin=2).T

target vector=np.array (target vector,
ndmin=2).T

output vectorl=np.dot(self.wih,

input vector)
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output hidden=activation function (output v
ectorl)

output vector2=np.dot (self.who,output hidd
en)

output network=activation function (output
vector2)

output error=target vector-output network

# update the weights:

tmp=output error * output network * (1.0 -
output network)

tmp=self.learning rate * np.dot(tmp,
output hidden.T)

self.who += tmp

# calculate hidden errors:

hidden errors = np.dot (self.who.T,

output error)

# update the weights:
tmp = hidden errors * output hidden * (1.0
- output hidden)

self.wih += self.learning rate *

np.dot (tmp, input_vector.%)

def run(self, input vector):

# input vector can be tuple, list or ndarray
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input vector=np.array(input vector,ndmin=2
). T

output vector= np.dot( self.wih,
input vector)

output vector=activation function (output v
ector)

output vector=np.dot (self.who,
output vector)

output vector=activation function (output v

ector)

return output vector

def confusion matrix(self, data array, labels):
cm=np.zeros((10,10),int)
for 1 in range (len(data array)):
res=self.run(data arrayl[i])
res max=res.argmax ()
target=labels[i] [0]
cm[res max,int(target)] +=1

return cm

def precision(self, label, confusion matrix):
row=confusion matrix[:,label]

return

confusion matrix[label, label]/row.sum/()

def recall (self, label, confusion matrix):

column=confusion matrix[label, :]
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return

confusion matrix[label, label]/column.sum ()

def evaluate(self,data, labels):
corrects, wrongs=0,0
for i in range (len(data)) :
res=self.run(datal[i])
res max=res.argmax ()
if res max==labels[i]:
corrects+=1
else:
wrongs+=1

return corrects,wrongs

Sl dwd 9> e SU gl JAIWT g ylo Y-+ Jous

Predicted class

Actual No Yes
class
No 12 1
Yes 2 17

B e o 3l sl b ladle (Glae V- Joo

Predicted class
Actual Negative Positive
class
Negative TN=True FP=False
Negative Positive
Positive FN=False TP=True
Negative Positive
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Db ge Bl (il (65:30L sl Gl (650 jul 2 age slajlxe ashl
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l.g e LE’L") Lo’.a.’xn Nusvwwel u.‘!lf L&’pu)ﬂl Couo ‘}J.L".))] le).g dlod )‘.:M L)"‘ .‘:AM): ®
St Cute (WS sladiged dlaxs gy cjle 4y Bl Jolete dST pudl dnlge (glodly dcgesmo

WSl e WS sladiges dluss |y
TN 4TP

AC = TnirneTPerP (*9)
Yf. o a . S ae oo e
1o WIS Cuwyd el Fy @
TP
recall = (o)
TP+FN
¥, .. . e
tdio WS Cuwd ausuid F e
TN
TNR = ()
TN+FFP
Vicds e
. . TP
pPrecision = (W)
TP+FFP

o e d2lge Aty W b oS b o ] il 650k wupsll B pSe sl slajkae

Zw:..f@
Sl dwd dw Mo S (gl J&105 ¥=0 Joua
Predicted class
Actual Orange | apple Pear
class
Orange 10 1 2
Apple 2 8 1
Pear 1 1 8
3, Accuracy
24. True positiverate
5

. True negativerate
36 ..
. Precision




Ahwaz H

Z

%9 ULl b osls (g3iueiws /g Juad
)l Y=Y Jodo (85 i o L

. . M
precision; = -——— (VA)
M..
recall, = —— (13)
E_J' ME-_J'

i3S o g pB) Gl dlis J> debl 4,
owyle s confusion matrix b pwwlsie 10 o9p sy sl &Sl clea
0l sy dwd U D9 oo 1a] TUN mb «(639)9 0oy 12 sl (uaw wouiS o0 Sbu] 10X10 jan
& rUN @b 2 by J gpaie pwslargmax () ezl b .es jaseie )by cpl sly
939 Py ey 85 ol el 0jlad e ] ol e oS e aside b ) ke (pides
ousle  mpS o o p target uca Iy by opl caey K0 B ol sl i
o lad 5 00 iyt Eiwd o)l b ol s o e il &S GlS ppdg: 03,8 sl a8 10X 10
s 40l U8 e g8) S’ oo WLl ] a4 sue G el (9399 by taTgEt slea ol ogte
ol oo WS oS prevaluate gb.(cwl osd olgsly U515 uyle gly o0d iyl (g 5

S o asudio Slodd o i ool b siwpd aST ]y oladiged sl
e Mie 1y ol sl galll g wilwee s b o NeuralNetwork uac &8s (oM j o4S]
ohisel a8 oo SIS ETAIN @b (higel 8315 dsgem 3 (gt yo (Slily (upms oS o0
TUN @b (90l 5305 dcgasme pglias I plaS o (lilay (mae &s & jgel 33 degame polas dan
P dtwd 03§ SophS a4 905l 83D dcgerme poliai J A ya 45 D9 i B wsS o0 S8 1,
4 el o A5 o et &) (9ol B30 dsgazme gl gy e ol (3laie (9..0) Sl
ot Gwd ojlad By &) (295 by yals 25S)h Gl ohen 4 1) (Cul (slate ae plS
S o Sl o IS 3 (29 hop pate (nFS)h Juie olyen 4 (Cul pgai slp o
ANN=NeuralNetwork (no_in nodes=image pixels,
no out nodes=10,
no _hidden nodes=100,
learning rate=0.1)

for 1 in range(len(train imgs)):

ANN.train(train imgs[i],train labels one hot[i])

for i in range (20) :
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res=ANN.run (test imgs[i])

print (test labels[i], np.argmax(res),
np.max(res))

ISTENESIC
[7.] 7 0.986174995873378
[2.] 2 0.769559764098301
[1.] 1 0.9854811042320714
[0.] 0 0.9775832109633547
[4.] 4 0.883493758867519
[1.] 1 0.9872677525541655
[4.] 4 0.9864167275003782
[9.] 9 0.9639239724916239

sl 1y 315 s yile oS oo Sl ojg0] 5 i905] 031 dcgeme (¢l |y ACcCUTACY polie ashl p»
Sl g dbre aiwd den sl |y precision g recall ,plie oS o b g piS 0

oS (o
corrects, wrongs =

ANN.evaluate (train imgs,train labels)

print ("accuracy of train
",corrects/ (corrects+wrongs) )

corrects, wrongs = ANN.evaluate(test imgs,
test labels)

\AJ

print ("accuracy of test : ",
corrects/ (corrects+wrongs))

cm=ANN.confusion matrix (train imgs,train labels)
print (cm)

for i in range (10) :
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print ("digit ",i," percision:

",ANN.precision(i,cm), "

recall:

",ANN.recall (i, cm))

accuracy of train :

accuracy of test

[[5790 0 57
[ 0 6617 45
[ 0 18 5375
[ 3 24 142 57

[ 5 13 62

[ 10 6 6

[ 26 3 45

[ 1 12 47

[ 73 29 161

[ 15 20 18
digit 0 percision

0.966933867735471
digit 1
0.960377358490566
digit 2
0.9744379985496737
digit 3
0.9249840051183621
digit 4
0.9510282328337399
digit 5
0.9627485041497781

0.

19
15
46
83

5
74
16
35
69
69

percision:

percision:

percision:

percision:

percision:

0.9429666666666666

9399
10 32 34 10
18 31 25 44
16 14 3 35
1 115 3 34
5457 33 11 55

1 4988 64 0
45 61 5730 5
3 5 1 5644

12 60 47 24
279 82 0 414

0.9775451629241938

0.9814595075645209

0.9021483719368916

0.9432392758114501

0.9340979116740842

0.9201254381110496

o (295 2

17 19]

86 9]

9 0]

81 66]

27 70]

27 5]

22 2]

2 28]

5468 24]

112 572061]]
recall:
recall:
recall:
recall:
recall:
recall:
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digit 6 ©percision: 0.9682325109834403 recall:
0.9622166246851386

digit 7 percision: 0.900877893056664 recall:
0.9768085842852198

digit 8 percision: 0.9345411040847719 recall:
0.9163733869616223

digit 9 percision: 0.9625147083543453 ~recall:
0.8501855976243504

(SVM™Y) ¢ylusiig 318 33 comislo —¥'—Y

Gly oo 63500 LU L clant oS 5 | plycbllas] g wiaipd gy (SVM) olaidy oy oile
ol g Sy 35 9 sl Jluo

ginaib ol SVM e

Sy sly SVR e
D] o pien canl 5 ghiie & (it Jilua o ol Jodlizl g 29y cnl 59Ty & ez ol o o

(s oo S il conl Ojle &) wawp!l K idlo b &S 068 o o Jod gandab o b,
b aS uiS ol 1y (o pl pying bty o cpile (Jod gandib oy, .S S5 ool ) Lol
WS S o ]y b 95 4 biyye claooh eanils yiSTas

oM @ oS cul dds olael J gam P by SO e b JLid ] ] sl blE dcgemme muiS (5,8
IS5 3 et dalso (gl 90 e S b oS oS 0 28 wdlan gy S elaiody .l 3laie €

Ok by Hly edle gy aS odd 0oy lis HeMS 90 4 (3lxie B3l degeone Kl (gpgal VY

37 Support Vector Machine
38, Support Vector Regression
* ma rgin
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Margin
Support vectors
24 ' X7 A W
¥ <
\ L% Decision boundary | %
S b Tx=0 Xy
. S \-\F + + wx= ) \\\tj + +
Yo + \ N \.i/ &
° I\ + 0 @' &4 -
° G\t\ % + “negative” 0 Q ‘:*t' 3 + “positive”
o B hyperplane 0 Y X hyperplane
OO: K\ > wix=-1 20 NN > wix=1
X
Which hyperpl - SYAL '
ELTIRRERRnS Maximize the margin

by po (sWaosl> diges gisditds (gl 65T o)y ol yod & 2SS T jyo yiSTs U pehams il S5 F JKS
130U iy (S y13pr ajp0 (g9, 48,5 41,8 adiged (Oglie ARb 95 4

Oy &S Gl (glaoiio jolaie gd L] Cusle 805 S8 S &S canl p) SVM ol Gaa

90 ble I (S5 5l JBlas &S c(gilae awpl 93 b Socledy )y adds g3 2 il wlues bl L 1) alold

a0 02l L5 YV 5 Ve cljle

wix-b =1 (Y+)

w.x-b = — (M)

SIS (5p0 pawpl 93 bl pSSW Jad &gt higel claodh F1aS cul ) av g b &S5
bl asi gilge awyl 93 pl o dlold Bl es il bbJ O sl Tk &S Ngd o o]
Joho o ) [W] Wb G 27 TW ] ) cad Ojle mawpl 93 ol dols  wsin sblas )55

wx; — b = Jol dabs & by yo (slaodly (oly (YY)

wx, — b < — ped dids 4 bgype (slaodly (gly (YY)

b ol ) Ay Cpgon |) Cadgioe Gl Ol
ci(wx, —b)> 1, '£i<n (YY)

Lgoi & Jppop € = TV g il anily 3l Jol oM 4y pll Bgas & Gy9e0p € T N &gy
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tp Cudgdome (ji8)S s b W ke, JBle o
min ||w|

c,(wx, —b)>1, v=i<mn (va)

a S o basSTs i b (giloe sbapdaw pl dsles W 03)9] Cand 4 5 (Sjlwpesine die cpl Jo jlax
Gl Jol dib 4y inlojl Bges il WX; = B 2 ) & Sjp0p ats 831 3909 b g we comd
DS e BI85 pgd Bk & pialof] Biges ity JEp WXy — B = TN S 00 50,5 0
Wges S & Canl oo Sho ol ) gy N glad p dais K Gygods 1) 00l diged < yig) )]
i pleie g calisee glaodly cunly s S oy b g AiS o a3y SWSTy jlaaes (g5 (3,0 00l
S i K0Sy 1 1y WS 4 0iS o lagy T imie b s (S Lo byl 3 oS e (sipaiion |y 50085
Oile (6350l slai oSl (gilwodly (slp 035w ybay SCikit-learn &bobs (sl »
bols pl b i dobl 1 aS Conl 5350 AbuliS pl 3 505 laidy by cpble i oSl 09 o ool
b otey ol ilwesly gl 2 gy ol & b il claailols (9l b Jb mpdiee Ll
el (o0 909
b v
o0 3 s S 5 Ll o 5 o 1,8 s 5 ]y stk o esbs (sleises D] Jlaglsisny
S 0 (a0 0 ) badiged slaad . ouiS o Sl ma ke D1obs b L) s o0 bli b 0 1>
ol dLil s 0w s B0 dlwy Wn &S WuS o yatuie CENtErs gl b e o
hrandom state gell Juis o Sjeop ppd o JE 0. 0 1) atwd o sladiges e Bl
(e (305 b |y Wadigos s -S55 g0 Sulgi adigos od [al Jb jo b qoudd )5 oo 3
1S,y b &S cul Jlg Byme SCattEr b p» C yll oS o oy SCatter oL ©
)l o2 S eyl cealosls )8 0ol degerre (slacawe p plp 1) ol cpl beol 3 058 0 JBlie cmap
123 o s |y o8
import numpy as np
import matplotlib.pyplot as plt
from scipy import stats

import seaborn as sns

from sklearn.datasets.samples generator import make blobs

X, y=make blobs (n samples=50, centers=2,
random state=0, cluster std=0.6)

40. curve
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plt.scatter (X[:,0],X[:,1], c=y, s=50,
cmap='winter"')

S o 0lie (295 )3 asl

L
: | . °®
& ]
L ] ..‘..'
[ ] o 8 * @»
4
® o ¢ *
L] [ ]
3_ '.‘
2_
1-
|]|_

-0.5 0a 05 10 15 20 25 30
LA Oygod bl Mg grdiged VV-Y S

53,5 1 om 31 1y Laosly J dcgasme 93 45 )15 Lopiiums Lib oy 0 rw | had oS plote Andib S
odly s W=Y S 5 assl aile (gamrgn slaodly (gly a8 bl (canail (ly 26X i b g
s S ) i 45l 0l 35 g3 45 clalins Lol memd plosl 55 casd b | I o) estiadlyi e A

DA LS s op 11y oM 93 ol Wlgiso 45 315 s o] sty

S Mg linspace gL [—1, 3.5] 3L »sse (ool linl cggdg0 opl b lis ly

Wges dtwd 93 5uiS s oS lSa wglite bl J Loy g bowd by (bohd bl gy 5l ax
toiS o0 oy quadgr 03,5 ol Linspace xb b a5 bli jl ool b il

xfit=np.linspace(-1,3.5)

plt.scatter (X[:,0],X[:,1],c=y,s=50,cmap="'winter"')

plt.plot([0.6],[2.1],"'x"',color="red',markeredgewidt
h=2,markersize=10)

for m,b in [(1,0.65),(0.5,1.6),(-0.2,2.9)7:
plt.plot (xfit, m*xfit+b,'-k')
plt.xlim(-1,3.5)

41 . . .. . .
. linear discriminative classifier
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SVM jl ool ey diwd 93 sraiged (gilwlas VA=Y S5

103,8 1an om 3 MlS 1) oMS 93 el 3gmg b a8 Wl K0S b (ool ey siSTas Las dw )l
€08 oy |y i Cenly b ol (lgie £9507 &S 39800 pihae oy cnl (09

O J}L’» s g_§; dSwl dl?d..g o5 C)?-l L» BVEN 45])\ Ao Oﬂl D9 dlﬁ u.ml) uL.».u.uJ )b)g L;Lm&..ﬁla
loyile ) aeil azily daii (5cSunp b oy ) andls < bd jn el pslsie qoriSs oIS
wsples Ol T angy Jie s b oS codl ot wiloy gl 4 ]y 4l ol oS s colaiiy by
ARYTY

ool 1) S o o3l s S L SVM Jas o Uijsel ¢l Scikit-Learn &bxbs j
By S oo gt [y s a5 bgrpe Aoy ielll (ol weiS (o0 pela (VL Sl Sl 1 1, C
PF o)) Silomerion (e b &5 Sl Gxe cpl 4 mpS o0 Sl 0 ]y ook e el ol ol

oAb g baytel b pl 3,8 (astde J das S oo a5 sl kernel pell eesl aib ls
fit gbjmodel sl SVC (Support Vector Classifier) j: 4

tesS Jlasl 020> degazmo & 1y 0o U S’ o 03laul
from sklearn.svm import SVC
model=SVC (kernel="'linear', C=1E10)

model.fit (X, V)

2 optimal model

3, penalty
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9 oS oo iy (gAndiwd doxl ey Iy [y, PlOL svc decision function gb
gca () ablbly claske o bl (wiwd o o6 ol @y el olocd pladle 1) Jio
g get x1im() alg j oot b 1) clase glyge 8dgdxe oS o0 oy
wlatswe jpxe o e 30 linspace gb jloolitul b gyl o cad 4 get ylim()
) Glaie bls des jl glismeshgrid bbbl p . wiS o g bygme ol slasdgixe
Sl ly 5 oo oS oo b 4l S a ravel b bl bls ol X Slaike .oyl 0 2939 4
ystack gmad e )i stack g il gl ol all 95 pl ey o plool bl ) v Slaise
ly clasee palie b S oo Sl posr 43bo W3 &S Jaojjdecision function aba
&b 4 bl Clasw olps 4 ) Glaiw ol » meead @b Jude anygl Cond 4 puonas @b p
scatter b jl ool b g muS o Jloyl silae slajerme 5 pronal mb owy ¢lp CONtour
W WY SS oS e et S5 1) el gl J slsupport vector
o o Ui Jas SVM i) b ) dtwd 93 (sladiged (gadimwd
def plot svc decision function (model,
ax=None,
plot support=True):
"""Plot the decision function for a 2D SvC"""
if ax 1is None:
ax=plt.gca ()
xlim=ax.get x1lim()

ylim=ax.get ylim()

# create grid to evaluate model

x=np.linspace (x1im[0],x1im[1],30)
y=np.linspace (ylim[0],ylim[1],30)
Y,X=np.meshgrid(y, x)
xy=np.vstack([X.ravel(),Y.ravel()]).T
P=model.decision function(xy) .reshape (X.shape)
# plot decision boundary and margins

ax.contour (X,Y,P,colors="k',
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levels=[-1.0,0,1.0],
alpha=0.5, linestyles=["--",'-","'-=-"])
# plot support vectors
if plot support:
ax.scatter (model.support vectors [:,0],
model.support vectors [:,1],
s=300,
linewidth=1, facecolors="'none')
ax.set xlim(xlim)

ax.set ylim(ylim)

plt.scatter (X[:,0],X[:,1],c=y,s=50,cmap="'winter")

plot svc decision function(model)

.
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SVM &uwd 1 b ) po 3 18—\ —Y—Y

dos (3939 (SLab oS )5 3925 oulgF Bly)> 9 cn Kia B o D90 a5 b b By SVM
) slaline 9500 plrdl atun g b &S o oul S o s Vb am ) ol 9008 il |y ol
sl ol S Glgsd A A8 o Jhe il BB dlins & o (lobir LB s ©jg0d o
I abodly iz Mg sly it il BB (Jad o a8 @S 0 a3 o ]y alaosls isu ol
Sl asby 4 1y o bloe Sbols o 5l L8 )l 0 o odliul make circles wb
NS ) s 23L G50 b ol (SwSTy a8 w8 o WG Sygods |y dtws o LS ol ol . oniS 0
&b Colesd g S oo Jlos! Jao 4y ooy degome TI1T mbl g mjw o CLE pb a2 3 S SVC
oS oo oy 03 s gazmo i olyods 4 1) 0bd Ay paoual
from sklearn.datasets.samples generator import make circles
from sklearn.svm import SVC
from matplotlib import pyplot as plt

import numpy as np

#create dataset

X, Y=make circles (100, factor=0.1, noise=0.1)

#apply linear SVM
clf=3SVC (kernel="linear').fit (X,Y)

#plot patterns and decision function
plt.scatter(X[:,0],X[:,1],c=Y,s=50,cmap="winter"')

plot svc decision function(clf, plot support=True)

i g KK s SVM | ladigel 08 o ol (Vo= ¥ US3) 295 0 45 jsbilen

44
. Kernel
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hS SVM U i iy S5 i Oy g0ty o o lbdiged (gigdiesd 1Y o JSu5

ol 4 el o Lo Lol gy dlgss aodls cpl 08 i 4y BB S0 led BaiS el g &S cunl et

e glp s sasShe G a8 gysbds camdd )8 5YL s S o 1) ol wlg o 6 aST oS SB

g oo b 1V ks Al gl J (S dlore el Jiaglsien At S oS oo
e . P .

s 5 T Sle

—llx—cll

r=e (¥#)

r=np.exp (- (X**2).sum (1))

([0, 0] i) cunl ouss as 3 a3 Slasisn 5y

B o=l Gl S ey 1y (Sl Ml il ol gimas )b Sl oolitl b il o0 Lo S
4SS S e subplot S bl pls ol p oS o @ lyplot 3D
A SOl lbags scatter3D ob j oot b juw a3b Y3d’ Jprojection
9Z 9o sl giview 1nit pb L oS o pw) Z jm o T polis olpen 4 5V
Lhplot 3D abeslsp.(@azimgelev cwyd) ws o pasuie hx, v a8l b g

oS oo Slonlyd il olyod 4 03l degomme (sladiges polde

def plot 3D(elev=30, azim=30, X=X, y=y):

45 . . .
. radial basisfunction

% middle clump
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ax=plt.subplot (projection="'3d")

ax.scatter3D(X[:,0],X[:,1],r,c=y,s=50,cmap="win
ter')

ax.view init(elev=elev, azim=azim)
ax.set xlabel ('x")
ax.set ylabel ('y")

ax.set zlabel('r'")

plot 3D (X=X, y=y)

10148 3 )18 YL e S odly S o sdaliie (VI JSS) (295 0 &S jeblen

PYL s SO Wesly JUWS!YY-Y S

bt r=0.7 ) oxisShis doxiio S5 mawy b aide s 4 bodh cllS b &S muivn iy
s CBd b g 008 Ll |y 0gs CuilS ma0gy jame bo L) 0 g o Mo oi J Jas O jaods ol
o 280 %5 ([0, 0] Ak) g 93,5 5 et ki S0 2 1 355 (selesd Ll b 51 oS
b Ygons 5 o ol diad (o Sl iz 4 b5 e S sty wuadgss (s BaShs 5 Cgb gl

D] 298 Sl 4 &b ouyige S5 sy (Sga Cunl it g ol olpon o
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o3l 35 deldl 3 g ol 030y degorme Jl dlais (o > e Al Wb G Al yolate opl (gl oyl S
ol i clialiio ™ e o35y i @ s £ ol 58 Jbg |y s SVM iyl o umd
il ol 3y90 d 0gill JSe ol el Cawd 4 blE s o (atws L) calws dal, S
b salg s ) S jlw Slaobee N il S5 ol opl (4 N @ dois N cuislsS)
Slgi e bodly ) giluocanlize M edinn 185 pl 4y b jdtad 5 ogd Bey Ky sy Jddd (Jb ol
ol dbul SVM gy 3 diwd 385 latud (gawlN ol cudlsS dll o9 dm 99 pb! dows jebods
DIl 2035 s gy (el am3 e s &S cand Y5 I S s
dd 4358 s & i b (Solwdy |) SVM 39, £5 opl plg e b SCcikit-Learn p
S ilwodly kernel gl il eslawl b (eles 4L &) RBE

clf=SVC (kernel="rbf', C=1E06)

clf.fit (X,vy)

il pales 1ol il aey

SVC (C=1000000.0, cache size=200, class weight=None,
coef0=0.0,decision_ function shape='ovr', degree=3,
gamma='auto deprecated',6 kernel='rbf', max iter=-1,
probability=False, random state=None,shrinking=True,
t0l=0.001, verbose=False)

porenal U maoy ol
plt.scatter (X[:,0],X[:,1],c=y,s=50,cmap="'winter")

plot svc decision function(clf)

plt.scatter(clf.support vectors [:,0],clf.support v
ectors [:,1],s=300,1linewidth=1, facecolors='none')

47 .

. kernel transformation
48 .

. kernel trick
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RBF J,S U ha e SVM U Lodls 5l alb 93 gjlwlas (YY-F UGS

SVC with linear kernel LinearSVC (linear kernel)

Sepal width
Sepal width

Sepal length

Sepal length

SVC with RBF kernel SVC with polynomial (degree 3) kernel

Sepal width

Sepal width

Sepal length Sepal length

[YA]SVM g, 45 iliseo sla 5,5 51 oalisiu! L iris 231> acgeze (gjlulun (YY-Y JSS
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o e 50 Sy o] 0 48l 0 S jate SSB LB (slaosls degezme ymo Ji> (98Tb bo con

Wle beedly Cunl Sao ¢ Jliolgicdy g o d bl alil Slgwed (gylade 0dl ST Lol )b 3e54
Whas Wgmake blobs mbla awsl awsh vy J

from sklearn.datasets.samples generator import make blobs

X, y=make blobs (n samples=100, centers=2,

random state=0, cluster std=1l.2)

plt.scatter (X[:,0], X[:,1], c=y, s=50,
cmap='winter"')
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fig, ax=plt.subplots(l,2,figsize=(16,6))

fig.subplots adjust(left=0.0625, right=0.95,
wspace=0.1)

for axi,C in zip(ax, [10,0.11]):
model=SVC (kernel="linear',C=C) .fit (X, vy)
axi.scatter(X[:,0]1,X[:,1],c=y,s=50,cmap="winter"')

plot svc decision function (model, axi)
axi.scatter (model.support vectors [:,0],

model . support vectors [:,1],
s=500, lw=1, facecolors="none')

axi.set title('C={0:1f}'.format(C),size=14)

C=10.000000 C=0.100000
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P(A[B)=P(AB)/P(B) (v)
P(AB) = P(B) P(A/B) (YA)
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P(B[A) = P(AB)/P(A) (v3)

53
. Bayes
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. strongindependence assumptions

>, independent events




Ahwaz H

AV ULl b osls (g3iueiws /g Juad

ol |y eoled ol blais] Gy 98 cplyls ei 0 P(AB) = P(A) P(BJA) i, 4 e oS
Sl Jlol b cosl ply %03 doliig (bopd Jlatnl 0 ssliy S (byd Jloisl 0o Juols & 08 o0

VAR (j

o soldyy 93 2 (b Jlois!

ol i Spgods (i Jleisl oSl aiil Jitwe B g A seliy ¢ S

P(AIB)=P(A) ()

s (1) Ske 2y (V1) by (sl oo
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. Bayesian classification
. posterior probabilities
. generative model
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from matplotlib import pyplot as plt
from matplotlib.colors import ListedColormap
import numpy as np

import seaborn as sns

ﬂ,.sm,lf oolw ,’.g—Y—\—f—Y

&S cal ol p o eruarb ol b awglS Bl G e Bole abarb S ol ppol] Lls
)b 1y g slaosly 0S5 8 Jlo .l sel Cawd 4 gl Bl x5 ) WS a gl
from sklearn.datasets import make blobs
X, y=make blobs (n samples=100, centers=2,
random state=2, cluster std=1.5)

plt.scatter (X[:,0],X[:,1],c=y,s=50, cmap='RdBu')

plt.show()
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. Gaussian naive Bayes
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lddigar
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il 00l gjlwodly sklearn.naive bayes.GaussianNB S p sy ol
from sklearn.naive bayes import GaussianNB

model=GaussianNB ()

model.fit (X, vy)

62 .
. covariance
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plot decision regions(X,y, model)
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L s glyte o M3 o jpbled oS g ) Gl g w8 W5 e sbodl ol Jbs
Mg 1y (dalas slael flea asly sl )b 2 b il 0o RandomState 4 g sae Ju)
oS
rng=np.random.RandomState (0)
Xnew=[-6,-14]1+[14,18]*rng.rand (2000, 2)
ynew=model .predict (Xnew)
loodls gad > Al (ly oS s ] mreal e 9l ly |y e Slaodly pilgie (55
i coe Soodls sy pBin il byt Gjgel slaodly & Cund gy g9y J 5ol
(S=20) ;b3S o5 o905 S0l mawy sy o |y ol 53051 . olodls 3 0. 1 |, alpha
plt.scatter (X[:,0],X[:,1],c=y,s=50,cmap="RdBu')
lim=plt.axis ()
plt.scatter (Xnew[:,0],Xnew[:,1], c=ynew,
s=20,cmap="'RdBu’',alpha=0.1)

plt.axis(lim)
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yprob=model.predict proba (Xnew)

yprob[-8:] .round(2)

sl g
array([[0.89, 0.117,
(1., 0. 1,
(. , 0. 1,
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from sklearn.datasets import fetch 20newsgroups
data=fetch 20newsgroups ()
data.target names
ool 0l Ol (295 00h degesne ol sldcws ol
['alt.atheism',
'comp.graphics’,
'comp.os.ms-windows.misc',
'comp.sys.ibm.pc.hardware',

'comp.sys.mac.hardware',

63 . . .
. Multinomial Naive Bayes
64
. sparseword count
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'comp.windows.x"',
'misc.forsale’',
'rec.autos',
'rec.motorcycles',
'rec.sport.baseball’,
'rec.sport.hockey',
'sci.crypt',
'sci.electronics',

'sci.med',

'sci.space',

'soc.religion.christian’',

'talk.politics.guns’',

'talk.politics.mideast’,

'talk.politics.misc',

'talk.religion.misc']
CxSob 1y o9l 9 bieel dsgeme g oaiS o OBl |y laatd pl 5 (oolaws baid Lo el > Solw (gl

oS (0

categories = ['talk.religion.misc',
'soc.religion.christian’,

sci.space', 'comp.graphics']

train=fetch 20newsgroups(subset="'train',
categories=categories)

test=fetch 20newsgroups (subset='"test"',
categories=categories)

ol ool dobdl 3 laodly §) o
print (train.data[5])
il (29

From: dmcgee@uluhe.soest.hawaii.edu (Don McGee)




Ahwaz H Z

ﬁ Qv ULl b osls (g3iueiws /g Juad

Subject: Federal Hearing
Originator: dmcgee@uluhe

Organization: School of Ocean and Earth Science and
Technology

Distribution: usa

Lines: 10

Fact or rumor....? Madalyn Murray O'Hare an atheist
who eliminated the

use of the bible reading and prayer in public schools
15 years ago is now

going to appear before the FCC with a petition to stop
the reading of the

Gospel on the airways of America. And she is also
campaigning to remove

Christmas programs, songs, etc from the public schools.
If it is true

then mail to Federal Communications Commission 1919 H
Street Washington DC

20054 expressing your opposition to her request.
Reference Petition number

2493.
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from sklearn.feature extraction.text import TfidfVectorizer

from sklearn.naive bayes import MultinomialNB

from sklearn.pipeline import make pipeline

model=(TfidfVectorizer (), MultinomialNB())

°3 String
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model.fit (train.data, train.target)

labels=model .predict (test.data)

msd llae Jo cpl 3 ,8kae J b 0 b)) g mailgi e oo sloodly cr st ) o Jb
heatmap by el sloosls odd ioin 5 (odly Gbcms p (Siuynns b bxl
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cbar jll Les e alsl bannotation « LKe s . bl gl S cep
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from sklearn.metrics import confusion matrix
import seaborn as sns
mat=confusion matrix (test.target, labels)

sns.heatmap(mat.T, square=True, annot=True,
fmt='d', cbar=False,
xticklabels=train.target names,
yticklabels=train.target names)

plt.xlabel ('"true label')
plt.ylabel ('predicted label')
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. Confusion matrix
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. spacetalk

8, computer talk

. Religion talk

° Christianity talk
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dod s (lp |y ol cpredict () woie @b 5ol bl o cubr) bl &5
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def predict category(s, train=train, model=model):
pred=model .predict ([s])

return train.target names[pred[0]]

predict category('sending a payload to the ISS')
) e o) 4 elgds sy J) s predict category gb Slslsl
'sci.space'
i b @b ol & 6)Sd olssds &y Baswe
predict category('discussing islam vs atheism')
> (25
'soc.religion.christian'’
ot b U ool & )00 oly3ds L o
predict category('determining the screen resolution')
o) 295 2

'comp.graphics'

i quickutility function
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from sklearn import datasets

import numpy as np

import matplotlib.pyplot as plt

from matplotlib.colors import ListedColormap
iris=datasets.load iris|()

X=iris.datal:, [2,3]]

y=iris.target

from sklearn.model selection import train test split

X train, X test, y train, y test =
train test split(X, y, test size=0.3,
random state=0)

def plot decision regions (X, y, classifier,
test idx=None,resolution=0.02) :

# setup marker generator and color map

markers = ('/\', '/\', l/\|, l/\l, l/\l)
colors = ('red', 'blue', 'lightgreen', 'gray',
'cyan')

cmap=ListedColormap (colors[:len (np.unique(y))])
# plot the decision surface

x1 min, x1 max = X[:, O0].min() -1,
X[:,0].max()+1

x2 min, x2 max = X[:, 1].min() -1,
X[:,1] .max () +1
xx1,xx2=np.meshgrid(np.arange(xl min, xl max,res

olution),
np.arange (x2 min, x2 max,resolution))
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Z=classifier.predict (np.array([xxl.ravel (), xx2.

ravel()]).T)

Z=7 .reshape (xx1.shape)

plt.contourf (xx1,xx2,7,alpha=0.4, cmap=cmap)
plt.xlim(xx1l.min (), xx1.max () )
plt.ylim(xx2.min () , xx2.max () )

# plot all samples

for idx, cl in enumerate (np.unique (y)) :

plt.scatter (x=X[y==cl,0], y=X[y==cl,1],
alpha=0.8, c=cmap (idx),
marker=markers[idx], label=cl)

# highlight test samples

if test idx:
X test,y test=X[test idx,:],y[test idx]
plt.scatter(X test[:, 0], X test[:, 1],

c=y test, alpha=1.0, linewidths=1,
marker='o"',

s=25, label="test set')

Jw sklearn &buis jDecisionTreeClassifier wMS Jldlsl abl p»

bomsad o )33 b plp hes )y ool Gee peiSle Jojlp i 1 cpSole (slp pailoise |y pronad €8

é.:l_’ Ls’]9_>|)9 l_: 9 rV_SU_A Jl_o.cl ool d__cgedmo 4 |) JA_A fit @l_: )l oola il

4 |y el €3 3 Jao b ool cowd 4 (S s ol PlOt decision regions

oS (5o oy diged oljen

from sklearn.tree import DecisionTreeClassifier
tree=DecisionTreeClassifier (criterion='entropy',
max depth=3, random state=0)

tree.fit(X train,y train)
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X combined=np.vstack ((X train,X test))
y _combined=np.hstack((y train,y test))

plot decision regions(X combined,y combined,

classifier=tree,test idx=range (105,150))

plt.xlabel ('petal length [cm]')

plt.ylabel ('petal width [cm]')

plt.legend (loc="upper left')

plt.show()

Cygody jsel 03 dsgerme (sladigel «Cowl Lateie Ml 4t 4 bgye g YO-Y S5
Sy P oph code b pb g0jl sladiges biload o il @iglite 1K) L So 8 slacio

e e sl il

L

3.0 1

[ e =]

25
w testset

petal width [cm]

3 4 5
petal length [cm)
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hwget package lul .o oolatwl o5l jl Gbyide 831 dcgemme 356b (gly padiine pusly oo

1S o odlitul g0l slasS dlsl glp anaconda ey » Jupyter j S
'pip install wget
g letuw ) 04d cuas gk slsCript e o)y lwlccommand prompt pl

cd
C:\Users\APPLE\AppData\Local\Programs\Python\Python
37\Scripts

S o)y command prompt gl ) s (e
pip install wget

oS 25bI 1) alesds (sla bl s oyl Bajb §| pily 0 9 cnl 0bs s Wget package Jb
import wget

Cust Segmentation=wget.download('https://s3-api.us-
geo.objectstorage.softlayer.net/cf-courses-
data/CognitiveClass/MLO101ENv3/labs/Cust Segmentati
on.csv')

031> degorme (gl Jaw Lin g wuiled o ly,dataset 4 by, pipandas LSbls jlesliwl b

ol S e 0dalie 295 p data frame < ojeds head () xb ) edlawd b,
25 (o) (Sis V5 () 5L 30 AD- 03> dsgacne
import pandas as pd

cust df=pd.read csv("Cust Segmentation.csv")
cust df.head()
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Customerld Age Edu Years Employed Income Card Debt Other Debt Defaulted Address DebtincomeRatio
0 1 # 2 i} 19 0124 1.073 0.0 NEBADD1 6.3
1 2 4 1 26 100 4582 8.218 0.0 NBAD21 128
2 3 B3 2 10 a7 5111 5.802 1.0 NBAO13 209
3 4 28 2 4 19 0.681 0516 0.0 NBADDY 6.3
4 5 4 1 3 253 9.308 8.908 0.0 NBAODDE 7.2

ROLTRCN
b Se 0 rlpls Coss (el Aol > a8 plyiie ol (Shy ol pasute &5 bplen
oS oo Bl

df=cust df.drop ("Address",axis=1)
&b ool Ly nan sud <y ps polie .puS o Bl sl adiges dwlid CByxo oS 1y Jol (gt o

e Colis o Cpgo 9 0 4 (e NAN s P) puiS o has 2de 4 Nan_ to num

aol Fglate (glaoil ;> 00l dcgesme Calisee (sla Shg molie aSOl 4y das g b (oA iy yai dae 35S 5

Jssl— j StandardScaler .M S 3l eolax L 3 1y ol ie )|
Jfit transform() ab p.wsS e giwlbysklearn.preprocessing
SS9 b (Sl ( digel sladiges ded Jlxe J sl g wSike StandardScaler oS

Dgd g diged o (30l (YY) Sole Cjgods diged o 815 Jlog Joles g 39 00 drlore

X—mean

zZ= (1)

standard deviation

import numpy as np

from sklearn.preprocessing import StandardScaler
X=df .values[:,1:]

X=np.nan_ to num (X)

Clust dataset=StandardScaler () .fit transform(X)

Clust dataset
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k-means++ L, init gell .col okl kmeans gl Joel clp oo acgome Jbs
k=" gy b paute badss She & adsl (o faie (B9 bl cul 2 S adsl (2o
s cluster jll .ol Sed 4 i) jrw cly cul gaede i, "Means++
sy SBI pl 9800 485 a3 )3 donts gy sl Sl npie Coled 9 S oo Rl )
9y cyell Bl yiin Ml (S dly .l adgs S ) bdiges folgd Sluye ggamme

A4S a4l help (KMeans () ) 4 KMeans
from sklearn.cluster import KMeans

clusterNum=3

k means=KMeans (init="k-means++", n clusters =
clusterNum, n init=12)

k means.fit (X)
labels=k means.labels
print (labels)
1S o odblie 4ol diged s (gl 1y laadss oo

(ro112201010011111110111100011°01
0111111

110101210111 001100111010100110
1110001

1111201002111 111101111111111¢001
1111101

i1111111111101111111111111110111
1 1110]

oS 2L 03l degome 4y (St (lgicdr |y laddgd ez el oo
df ["clust km"]=labels
df .head ()
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Customerld Age Edu Years Employed Income Card Debt Other Debt Defaulted DebtincomeRatio Clus_km
0 1 4 2 i 19 0124 1.073 0.0 6.3 0
1 2 47 1 26 100 4582 8.218 0.0 128 2
2 3 3 2 10 57 6111 5.802 1.0 209 0
3 4 29 2 4 19 0.681 0.516 0.0 6.3 0
4 5 47 1 31 253 9308 8.908 0.0 72 1

M s (dwgd Gygets EAU g INCOmME g Age Shg dw cws p |y (glbdded 4 ol oo
(dgd yoazuie INCOME g Age She oo sl EAU clyss o o)y 3939 cleay

import matplotlib.pyplot as plt
area=np.pi*X[:,1]**2
plt.scatter(X[:,0],X[:,3],s=area,
c=labels.astype (np.float), alpha=0.5)
plt.xlabel ('Age', fontsize=18)
plt.ylabel ('Income', fontsize=18)
plt.show()

Income

Income 3 Age ([ Sig 99 s g b piiio 53> dcgazo (g5, k—MEANS  glvdiiss dous 1)- 1 K5

S PLE Ll oS o odlitul AXES3D oS j| amdn O jgods (sdddsds A il lp

&) Clae p 1) aX samdw bes £1GUTE (4o o oS 0wy olsdy plwb figure
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from mpl toolkits.mplot3d import Axes3D

fig=plt.figure (1, figsize=(8,6))

plt.clf () #clear the figure

ax=Axes3D(fig, rect=[0,0,0.95,1], elev=48,
azim=134)

plt.cla() #clear the axes
ax.set xlabel('Education')
ax.set ylabel('Age')
ax.set zlabel ('Income')

ax.scatter (X[:,1],X[:,01,X[:,31,
c=labels.astype (np.float))

g OMuass Yl &S Shytie Cul Gastie Y-V o W=V b S 0 gamdn Ojgods &S jeblen
5 550 B S b o bausgio 213 b e plojiie WS 0 B Adss Sy i o3k wel

WS sl S &35 S 2ol 5 o8 G b e

Age (Shy s g Gdmdw Ojygod (b puin 531D dsgesme (sabduigd Ao (Y-Y JSUS

k-means iy, ;| s3léiwl LEducation income
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fuzzy c-means pi 8l —Y—V

S S oS (bli sl badgs > Cogas colys jl degeme o b g0 (il snades
Llad 5 )15 asp glaad p & (blE 4 o @b o 4 bl Cogas dop wiea S35 Abg
eyl T g 0 o (38 ie S dsd K 4 dges K Cogas dxp [VY] col iy
o ol cglis el k—means guuass wo,S aud lws fUZZY Cc-means guuasgs
&S wojlel fuzzy c—means pu,sl » due pb S cwl oyl K-means Sl L
el o K—MEANS (ganddss o5 Jbyd bl auil bade 4 Jslite Cogas pilie dges j»

ol (Blate 4l S5 4 b

il oad 009l (FF) Gjle p fUZzZy c-means u, Gas ob

min Z;{: ! inecj uy; (% — ij (¥%)
sobl o el € Ao S50 f; cul 0 A a4y X; Lged Cygaae & Uy; o daiSay
NOW RS P
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Y
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IVA] conl ool (o518 (canaigs wiyoSUl anldl p
(K) A8 e |y ades b bl w5 ! o1yl s ype @
D9 (s (Bolal Ojgody ddgd 4 ladigel Cugas dop polie togd Al g @
b oS LSS S e o ) &S paside lebs ol @y 1) o5y U p oy Ay fogw Ao po @
laiges Cogas colps Clipss & Sloj b) o S5 LhSen & ey Gloj BTy dlsye 53 (o
(Wls € 5l ey S5 93 oy
O deulone (£5) Sles L1y ladgs S1ye 10 lg Ao yo @
O Al (Y0) @jlie 5l osliiul b 1) b 0 Cogas colps dises o gly tpoxs A po @
auwls kK—means wla bl cuwl sualy oo, ae STk-means oo, asle v w6 oyl
e k—means wu Sl wle vy pl Gl )5 bwg baded slias puxd 5 adgl ad)ade &
RS (g0 (e |y Syl ootz (95
:Jbe v
Vo] pemse y fUZZY C—means ganads jl ok Jio G aobl
1038 o odlatwl g0l xS gl sl anaconda Yy » Jupyter j S
!pip install fuzzy-c-means
g et > 00 cuss ol slsCTript s o)y lwl.command prompt pl
cd
C:\Users\APPLE\AppData\Local\Programs\Python\Python

37\Scripts
S Hls command prompt gl ) s

pip install fuzzy-c-means
fuzzy c- gadss dly iy [YV] Tuzzy Cc-means 4 by Sbuls’ cua jl i
S o jellymeans
S oo Sled g ) linyee sladiluls !
from fcmeans import FCM
from sklearn.datasets import make blobs

from matplotlib import pyplot as plt

from seaborn import scatterplot as scatter
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#create artifitial dataset

n samples=5000

n bins=3 # because we want to have 3 clusters

centers=[(-5,-5), (0,0), (5,5) 1]

X, =make blobs (n samples=n samples,n features=2,

cluster std=1.0, centers=centers, random state=42)

Sl o

#fit the fuzzy-c-means

fecm=FCM(n_clusters=3)

fem. £it (X)

#outputs

fcm centers=fcm.centers

fcm labels=fcm.u.argmax (axis=1)
Eduigh a0 g 031> dSgece vy ©

#plot result

f,axes=plt.subplots(l,2,figsize=(11,5))

scatter(X[:,0],X[:,1], ax=axes[0])

scatter (X[:,0],X[:,1], ax=axes[l], hue=fcm labels )

scatter (fcm centers[:,0], fcm centers[:,1],
ax=axes[1l],marker="s",s=200)
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Hierarchical Clustering

Agglomerative IEMEI

BT lnﬂ .,

[VF] oo podlandin glianisd F-Y IS

el ) gpd a4 (el (e @)l e
O Ao 031 degame (sladiges) bla oled o 1) Alols uyjle 1 )gl A o @
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L(r,s) =mm(D(x,;,x,))

[F¥f]Single-linkage (yig, L adgd 95 cm Aold Al 0V JSS

(cwlmaximum b diameter b, oyl S slpel) Complete-linkage e

L(r.s) = max( D(x,..x,))
[¥f]complete-linkage (g, L adgs 93 o Aold duwlxo 5-Y IS5
:Average-linkage e

ol ply > adss bl den b adss Sy J abii o Lol 5Siko b adss 95 o ol gy ol
(V=Y Jss)

»

L(r,s)= L nz i D(x,;.x

Hrﬂs i=1 j=I

[“flaverage-linkage g, L adgs 93 oy dold Ao Y=Y JSUS
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id g doldl [Ye] (Jlo L 1) (oihoaluds moos o)Xl (g1l Jb
oS oo a5 ) s sl b i &S 1, 11 Joliie o3l acgemme (ilpedlides (canadss (clp
from sklearn import datasets
iris=datasets.load iris|()
feat=iris.feature names
X=iris.data
Y=iris.target

Y names= ['Setosa', 'Versicolour', 'Virginica']

PRy @
from sklearn import preprocessing

X=preprocessing.MinMaxScaler () .fit transform(X)

WS o Jite (min, max) &b aly Shy » sbjis MinMaxScaler () &b

. E—Eamin
Etd - Emer—Kmin (Y.)
Xeearea = 5td * (max — min) + min M)

Siwlae @

I, AgglomerativeClustering MW sklearn.cluster Jsl j
linkage gl Jube (mjlw o WIS pljlclustering pba - b oS o Slod ]S
ol Alols oy yilo dle (g, 5ALS yasuie Linkage jll .onS o (asuio |) bads sl 4
Lo oS o0 Jlosl ions & 1) el «clustering o ) £1t &b L bl p»
o oy by K6l I PLE . LeXt Lm0 Ginled dny 93 p Iy iiadisd dxs plT . text

w35 Sl 1) baiged ey el 3 Lo oS Ol Jlainyge Slaisis 3 1) glad ade o5
from sklearn.cluster import AgglomerativeClustering

import matplotlib.pyplot as plt
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clustering=AgglomerativeClustering (linkage="average",n
clusters=3)

clustering.fit (X)

colours="'rgb'
for i in range (X.shape[0]):

plt.text(X[1,0],X[i,1],
str(clustering.labels [i]),
color=colours|[Y[i]],
fontdict={'weight':'bold', 'size':9})

plt.xticks ([])

plt.yticks ([1])

plt.axis('off")

plt.show()

Sdiges JSS ol 3100 o odmliie AV SS 0 1) (ol jealudis (gunaded opsSl b (salpades dons
robal 3 Ldiges (P9 s juSb Clody b o) Cunl oad oy Gl (i Sy > Adgh p 4 bgye

(wl [ o) (wd O yquody ulf_\.u‘? gy n_g).) d‘)g ‘uLf

iris by dcgeome (89, (RoST (GawAdgd wir ol AT IS

)"
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from scipy.cluster.hierarchy import dendrogram, linkage
linkage matrix=linkage (X, 'average')
figure=plt.figure (figsize=(7.5,5))
dendrogram (linkage matrix, color threshold=0,)

plt.title('Hierarchical Clustering Dendrogram
(average) ')

plt.xlabel ('sample index'")
plt.ylabel ('distance')

# Automatically adjust subplot parameters to give
#specified padding.

plt.tight layout()
plt.show()

Hierarchical Clustering Dendrogram (average)

0.6 1

05 1

04 1

distance

03 1

02 4

01

00

mem'm R I P P T e T L T T T T e B S P A
sample_index

1ri bals dcgamme 59, o podddbes crond Gisadish I Juols of 5o 05 Y JSS
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SO x5 ko jluy 53 (g o odlaiwl (il sly &S olaosly degemme cleMbl CualS
Jlosl Jl b iy sl o csilwoslel 5 00l degazee (ol sty cnlpls 25 comile (550L oo
O3B ot g ilweslal (ol laby b Jad cpl 3 35 sl el ile (6pS0L (sl Sl
ol [0] S pylos Juad jl ad Sy isu cpl sladel p magd o Lisl CleMb)
Dede plae Jab yl 5 4l

03 degazmo ;D Codd oS SleMb» Copso @

Slatwd oy Cople ®

ool 5 phisel Slaise 4y 03l dsgarme Sy s @

b Shy (el (05 sy @

019 45 goseo 40 "o pF WM o wao —1—F

wle (Not a Number) NaN b cbai b J5 cbibd b bosl dcgomme » 2

O bl DMl (5)glaer o albd g9 o b caslie (6pSoul i) RAlS WIg e o] cle gl

ouus bl s pSo il 5l (5 o ALl b S 1y Jaisyge (sbaalid) Al adl 0357 (Bgeld ) o

Jo] wsb

olyod 4 1) (Sos8 5oy degezme My ojl] (oildym oad K5 GleMbl Cuple beps 4 &Sl I LS

Lbols jread csv gt L1, (CSV a0 ) TLS L odd (gjlolin (glaooly oyl 005 oS ML
oS 0 0,33 AL g puled 0w 8lLd S Oyt pandas

import pandas as pd

from io import StringIO

csv _data='"'"'A,B,C,D

1.0,2.0,3.0,4.0

5.0,6.0,,8.0

10.0,11.0,12.0, """

df=pd.read csv (StringIO (csv_data))

2, Missing Data
. Comma-Separated Values
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‘(inull () C"L’) 4 lg,m)]ﬁu Lgl)b o3ld 4s gome Lglm.\lz.é )’\ pIJS » LY J/S O 019:& Jl>
2,5 dowbre SUM () &b L1y aakd cpl slied g o cpimed

df.isnull ()

A B C D

0 False False False False
1 False False True False

2 False False False True

T B o5 p3lle (gl A o SHg g Bdiges Bis
oS o o3l dropna () xb jl sswe Nan jaie glb & ol law Bis 4y
df .dropna ()
syl Jlade 4 by (oS o w3litwl Aropna () ab jl diws Nan jhde ghls a5 ola g Bis gy
ooy 1 lpliaxis
df .dropna (axis=1)
Gis Ll (S 8,5 a5 3 b lagygio s e dag] bas b a5 35 il shajul dropna o
1Agad s
# only drop rows where all columns are NaN
df .dropna (how='all"')
# drop rows that have not at least 4 non-NaN values
df .dropna (thresh=4)
# only drop rows where NaN appear in specific
# columns (here: 'C'")

df .dropna (subset=["'C'])

)"
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T b sy b in Lise » Nsd i ool cbadiges S cawd (Son B L puS s
oS el JSidio ol 4 oS (o0 (sru

0w o5 p 3o Cpodd

0l 15 pdlde pesd (gl (obiey Calise (gla jbg) il w0dly degame (sladiged I edlatwl b cuowd ol
el Sy o) ol JS 0uSs b 0 o5 e (ajSol +obignd ) 05 s S oo 3lis
S oo odliwl sklearn.preprocessing &bols j Imputer (WM 1)K ) oy
from sklearn.preprocessing import Imputer

imr= Imputer (missing values='NaN',
strategy='mean',axis=0)

imr=imr.fit (df)
imputed data=imr.transform(df.values)

imputed data

et (9

(1o. , 11. , 12. , 6. 11)

e g .cwl sklearn Jyjb p transformer g ol 4 sl Imputer (o)
bl p38 o (oly £1€ wie aiws transform () 3 £1€ () da oS cpl ol
ooly Jin! gly gl pl Jtransform () ste jww g o o3kl 03l degesme 3 odlatul
93 s 55 qed S odlaiwl sklearn Sbolks jl pod Juad p» & Lalisee slasndiws A8 o odlatul
Jodd adle Jro slayell 1T () dio &S gpbots diiwn £1E () g transform() s

L8] 3,8 0 3L 1) sanss

., Interpolation
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import pandas as pd
pd.DataFrame ([ ['green', 'M',10.1, 'classl'],
['red','L',13.5,"'class2'],
['blue', 'XL',15.3, 'classl']])

df.columns=['color', 'size', '"price', 'classlabel']

df
R 29
color size price classlabel
0 1.0 20 3.0 40
1 50 6.0 MNaN 8.0
2 100 110 120 Mak
ey BB (S g Gl
isglieas plde |y ol (o 359) L) S Caped (> ot 1l ) (5 ol
XL=L+1=M+2

size mapping = {'XL':3,'L':2,'M':1}
df ['size']=df['size'].map (size mapping)

df

°, Categorical data
¢ Ordinal
7. Nominal
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color size price classlabel

0 green 1 101 class
1 red 2 135 class2
2 blue 3 153 class

PS> Sy S a5 (st polie plon & T |y oal s 4 (a0 palie mralisy oS Sgo
S 0 dbol reverse mapping

Inv size mapping = {v : k for k, v in

size mapping.items () }

df['size'] = df['size'].map (inv_size mapping)

awd sbcwe o

s (o33 plie Jiojls et lacws p lp omile (653b slawi Ul slaabuls” 6k
S xS ly cul g bl wmd e plsl 1) bas cpl B Sygods el Sl 4 ]

395 Pl e Al ye 3 Jatss ol o] oMo
import numpy as np

class mapping = {label:idx for idx, label in
enumerate (np.unique(df['classlabel'])) }

df['classlabel']=df['classlabel'].map(class mapping)
daf

color size price classlabel

0 green Mo 101 0
1 red L 135 1
2 blue XL 153 0
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) cwl 038 geoly ) N LabelEncoder W sklearn &buls p a3
transform o fit lawe j eslitwl 4lpy cusl gpaiswe Jooly it transform

(Bl oygoa
from sklearn.preprocessing import LabelEncoder
class le = LabelEncoder ()

df['classlabel']=class le.fit transform(df['classla
bel'] .values)

df [‘classlabel’ ]

o) 295 2
0 0
1 1
2 0

Name: classlabel, dtype: int32
S o odiwl inverse transform e i (oM slcwe p (L8 plie b5y 4l

df ['classlabel']=class le.inverse transform(df['cla
sslabel'] .values)

df ['classlabel']

o> (295
0 classl
1 class?2
2 classl

Name: classlabel, dtype: object
teowl s She sl one-hot has

oS esly S o aS Ay o a4 qmibyp One—hot Jasana Sl 38
oS odliiwl COLOTr (Shy )8 4l labelEncoder
X=df[['color', 'size','price']].values

color le=LabelEncoder()
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X[:,0]=color le.fit transform(X[:,0])

o) 295 2
array ([[1, 'M', 10.17,
(z, 'n', 13.5],
[0, '"XL', 15.3]], dtype=object)
S b el Blito &5 (S 55 n 3 el 550k g Ll 58 oy oy i 42 5]
Db dpgone-—hot pba by  JSio ol J> slp
w5 bl b Sy K oiage Shy p B lie Gl 8l ol Gy o ol B4
ol gly 48 0 )58 blue=1, green=0, red=0 oot ol Lgei o lgcn
S oo odlawl OneHotEncoder (wMs jl bas ol
from sklearn.preprocessing import OneHotEncoder
ohe=OneHotEncoder (categorical features=([0]))
X new=ohe.fit transform(X).toarray/()

print (X new)
o> (25
[[ O. 1. 0. 1. 10.1]
[ O. 0. 1. 2. 13.5]
[ 1. 0. 0. 3. 15.311

Jao oS (Gygops & A8 Jauy ((Shy aw) Gt dw S5 dw Sl sl pasuie (295 5 &5 psbplen
ool 1o blie Jage sl True laisyge 5,

peled o &S 1) ((Shg) (S Cuxdye (oS o ad)ie |y ONneHotEncoder Wi « b
Cygmodns oS 0 pauie Categorical features yll p» ogs one-hot 4
owyle SO transform i el iy OneHotEncoder wMS (5,8 jin

Sy adl oS ol toarray () s )l Giled » (o sy bas Wb »plysparse
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oS sparse gl wle S5 o (eSS ol toarray () e jl s
8] w2 ) False |,OneHotEncoder

ste ) odliml lainyge Shy slite glgl sy (il lagsie ol dbel Wy pold o, S

il glansy sl S bas ¢lp get dummies
pd.get dummies (df[['price', 'color', 'size']])
el (295

price size color_blue color_green color_red

0 101 1 0 1 0
1 135 2 0 0 1
2 153 3 1 0 0

39031 9 3907 (S sidhy 4 0019 48 gosro S i — F— ¥

>Jlybreast cancer &b dagpo Sklearn Lbols sl dcgeme j odlawsl b
oS o
from sklearn.datasets import load breast cancer
cancer=load breast cancer ()
cancer df=pd.DataFrame (data=cancer.datal[0:,0:],
columns=cancer.feature names)
print ('calss labels', np.unique(cancer.target))
il (29
calss labels [0 1]
V=¥ sz o 1y by 53 dcgezme Jol dged oz cancer df.head() g pboll
s

cancer df.head()




z

/PJg2 Jrad

I>

U

odly

I

Ahwaz H

o

-¥F Js

15 acgone Jol diged, ke

8

Ol ¢

At

LELO 0'G.5L 0228 991 5% £88500 60810 0E¥0L0 08610 082€L0 0€00L0 02621 OL'6El PE¥L  620C ¥
5020 L1896 1886 0592 16%1 ¥$260°0 L6ST0 0ZS0L0  ¥ivCO 06£820 0serl 0 1'98€ 86U 8€0C T €
4431 0604 052TSt €96 L6€C 666500 69020 06210 ¥.6L0 066510 0960L0 0'€0ZL 000¢t ST 696F T
tCh0 09661 0885} e 662 199500 ci8Lo L1000 69800 $98200 vL¥800 0'9Z€L 06¢CEL Wik 150
2910 0610 0981 €CLL  8EST 128200 61720 0LZFL0  LOOEO 092420 0r8LL 0 0'lo0L 082zl 8€0L 66k 0
sauyjoows  ease 1awuad  aimxa) smipes "_hwmu_“ws_v AnawwAs M,__u_w_.__oo RiAeouod  ssaupoedwod SSauyloows eaie  Jajawuad aimxa) snipel

J10M 1SI0M  ISI0M 1SI0M  1SIOM o ueaw weaw  Ueew ueaw ueaw ueaw  uesw ueaw  ueaw



Ahwaz_Hackerz

OleT OlSbuS (5559 S 48 duwwdo / 9l uugiowl o gbj b gwiblo S50 1

5 &9 D96 03 dcgemme ) Nilold duwle diw slodg polat jl ooy dcgezme (! (sla Shy molie
93 sy Bun yite o Mk i 55> A 5 et g TIY dadioes cpl oo 5l &S o) (Shy 30
ol 19 0 jluds
&b 5 edlitul cyg0il 9 Lbjgel (sl (slmodly dcgerme 4 031> dsgezme pl maaid (sly oly oyl
s X olgsay 1, 30 U 1 sbygw .cwl sklearn &bulks j train test split
&b syl glasa 1)y 9 X guw mpSe 3 » Y glasa ) oS glacas
Jaop30 test size=0.3 pb 3L . wuS » s ptrain test split
S s ) bigel slp 1y ol 10970 5 geil sl |y o0l degona
from sklearn.model selection import train test split
X, y = cancer df.iloc[:, 1:].values, cancer.target

X train, X test, y train, y test =

t;ain test_split(xj v, test_size20.3,
rando;_stage=0) -

Ay oS LBl LS Wb iy o Jas pTEST size glpas lojlul il auil asg Ll andl
il oS LS 6 g ai u:',)’}oi wd il (2550l i oS AL 0L LA & ol degesme bl
80:20 L 70:30 60:40 Yoons 08 500l o554 walsi |y winysl)] ppans slas oS
90:10 S, L3 sleodls acgommo (sly sl Jolito 0313 degosme 55051 bl 4 sl oS

A8l e GAppndS Slgi o w0

b5 39 ovbio (9 5 Glusy —F-F

s & o3l 4 ditn pile 650k Slapiygl dgann g N BolaT claSin 5 e o5 2
o)l pwlde (35 Gl b mile (6050k (slapin)sl ST &S o> ) (Shy elide (98
oolio oS Jbypd wib 10 B0 63L o b She il (S wobie 23S (5,8 (0] AiS o Joe ying jhm
ceswdl8l Aold doulre plSin KNN )6l 3 Joloicds b TOO000 b 1 534 0 K> Shy

Al Al bdiges Juolsd I twyd S Bl e i o]

Ve . a o e Eo - B
Silwdley g (il Jusliul iy dgg o Shy (95 (e lp (IS by 9o

® Random forests
° Standardization
10 . .

. Normalization
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[0,1] 8L aly Spy plie a5 gysbas cclmin-max o, whis | o b iy
xf_xmz'n

X! = — M \
norm Xmax—*min ()

G2t o Koy ol Ji2y50 Sy Joie a8 Kimiy 5 935 asgame pll Ggos X' o8 oy

T ol 4 g Canl osds gilwosly sklearn Sbuls p gilodby wolp .col Jaidyge Sy Jiie
! o3zl 8

from sklearn.preprocessing import MinMaxScaler

mms = MinMaxScaler ()

X train norm = mms.fit transform (X train)

X test norm = mms.transform (X test)

X test norm df=pd.DataFrame (data=X test norm([0:,0:])

X test norm df.head()

W‘“‘”L?a y-¥ ng U)yocb |) (R W) JLo): dlm)b )‘ udm L5>9)> ).)

s b s B3> dcgosms o Jloys (g0ID 31 idw (Y-F  Jou»
1] 1 2 3 4 5 6

0 0443543 0309930 0175270 0629630 04366382 0333566 0406163

=y

0.644813 0278557 0167296 0383187 0111876 0.064948 0102783
2 0.245838 0316495 0196394 0.203581 0124752 0.043399 0.131309
3 0351037 0.327759 0207678 0.142609 0112390 0.057990 0.063290
4 0381411 0.288261 0161315 0404040 0082593 0.060028 0.145278

Bk S & dgume 1y dlie g Cunl (e g Joliie B9y MIN-—TNAX bie B9y b illey 42 5]
Ol Js sl 5358 0 e etle 650k laeinygSl ()b sl sl bl Lol A oo iy
LO LIl polie SVM 5 Siwcd (gilodas aile Jad slaJis | ()b & Cusl oyl godse
Ly Sy Mie wuly oo (gl bl i oolatnl b cplply a8 o adgl (ad)liie Sog8 S3las polds
3 4 |y oy is o JS bShy wlie ool w8 ol 1 s Slpsl 5 0 ko
A ) il lulinl [O] Wil (wlas jieS by 4y oyl 09 0 sl g LS o bais bjygi 5yl )

D ol (V) ke

xstd = (W)
x
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from sklearn.preprocessing import StandardScaler

stdsc = StandardScaler ()

X train std

X test std

= stdsc.fit transform(X train)

= stdsc.transform (X test)

X test std df=pd.DataFrame(data=X test std[0:,0:])

X test std df.head()

EVWAUSWIR L E

o o0 V=¥ Jgdo Gygods 1y oads 0 jlubiel (glaodly jI aisy (95 2

acgoze dawd dluilinl gWaodld 51 i ¥-F  Jous

0 1 2 3 4 5 6
0 0317107 -0.149384 -0.287243 1.01628% 0.840148 0713667 0823176
1 1447278 -0332906 -0.338596 -0.616243 -1.020853 -0.782447 -0.735274
2 -0.844125 -0110982 -0.151214 -1.209826 -0.947080 -0.870205 -0.536189
3 -0.244394 -0.045092 -0.073556 -2.209923 -1.017909 -0.820497 -0.912453
4 -0.184660 -0.393137 -0.377110 -0.478100 -1.303191 -0.809351 -0.516978
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. Overfitting problem
. Feature selection

. Filter methods

. Wrapper methods

. Hybrid methods

. Embeded methods
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. Dependence Measures

° Information Theory

1 High Dimantional Dataset
. Classifier

. Evolutionary search
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from sklearn.ensemble import RandomForestClassifier

feat labels = cancer.feature names

forest = RandomForestClassifier(n estimators=10000,
random state=0,
n_jobs=-1)

forest.fit (X train, y train)

importances = forest.feature importances

14

. Random Forests
15

. Ensemble
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indices = np.argsort (importances) [::-1]
for £ in range (X train.shape[l]):
print ("%2d) %$-*s S$f" % (£ + 1, 30,
feat labels[indices[f]],

importances|[indices[£f]]))

e Glitienl lie bl 1) I Shg pb (295

1) worst concave points 0.142459
2) mean concave points 0.124031
3) worst perimeter 0.120270
4) worst area 0.092017
5) worst radius 0.091058
6) mean concavity 0.066016
7) mean perimeter 0.045964
8) area error 0.038880
9) mean area 0.037878
10) worst concavity 0.036824
11) mean radius 0.033914
12) worst compactness 0.020317
13) radius error 0.016455
14) worst texture 0.014988
15) perimeter error 0.014198
16) mean texture 0.013735
17) mean compactness 0.013019
18) worst symmetry 0.012067
19) worst smoothness 0.010654
20) worst fractal dimension 0.007528
21) concave points error 0.005631
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22) concavity error 0.005532
23) mean smoothness 0.005361
24) mean symmetry 0.004779
25) compactness error 0.004768
26) texture error 0.004760
27) fractal dimension error 0.004758
28) symmetry error 0.004479
29) smoothness error 0.003994
30) mean fractal dimension 0.003667

plt.title ('Feature Importances')
plt.bar (range (X train.shapell]),
importances[indices],
color="lightblue',
align='center')
plt.xticks (range (X train.shape[l]),
feat labels[indices], rotation=90)
plt.xlim([-1, X train.shape[1l]])
plt.tight layout()
plt.show()
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from sklearn.base import clone

from itertools import combinations

import numpy as np

from sklearn.model selection import train test split

from sklearn.metrics import accuracy score

class SBS():

def init (self, estimator, k features,
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scoring=accuracy_ score,

test size=0.25, random state=1):
self.scoring = scoring
self.estimator = clone(estimator)
self.k features = k features
self.test size = test size

self.random state = random state

def fit(self, X, y):
X train, X test, y train, y test = \
train test split (X, y, test size=self.test size,

random state=self.random state)

dim = X train.shape[1l]
self.indices = tuple(range (dim))
self.subsets = [self.indices ]

score = self. calc score(X train, y train,
X test, y test, self.indices )

self.scores = [score]
while dim > self.k features:
scores = []
subsets = []
for p in combinations(self.indices , r=dim-1):
score = self. calc score(X train, y train,
X test, y test, p)
scores.append(score)
subsets.append (p)
best = np.argmax(scores)

self.indices = subsets[best]
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self.subsets .append(self.indices )

dim -= 1

self.scores .append(scores[best])
self.k score = self.scores [-1]

return self

def transform(self, X):

return X[:, self.indices ]

def calc score(self, X train, y train,
X test, y test, indices):
self.estimator.fit (X train[:, indices], y train)

y pred = self.estimator.predict (X test][:,
indices])

score = self.scoring(y test, y pred)

return score
ol a8 o Joe 55K Al oy 83D dcgeze g9y KNN siaiwd b SBS o)l ain Jb
0905 9 Ubjgel 8313 acgemme 93 4 |y ) L oS 0 Djls Sklearn Lbuks 1) oo acgexe

T G

from sklearn.datasets import load breast cancer
import pandas as pd
cancer=load breast cancer ()
cancer df=pd.DataFrame (data=cancer.data[0:,0:],

columns=cancer. feature names)

from sklearn.model selection import train test split

X, y = cancer df.iloc[:, 0:].values, cancer.target
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X train, X test, y train, y test =
train test split(X, y, test size=0.3,
random state=0)

Je G S o 38kl StandardScaler M S jleslar wl L1y Lasslb

oy Jae 5ol SBS iy Nl sojb il 4ol . wjlw e |y KNeigboursClassifier
oS oo oy B Shg dlind s 1y A CB Colesd g puS oo Jloe! 0 3kl glaosly

from sklearn.preprocessing import StandardScaler

stdsc = StandardScaler ()

X train std = stdsc.fit transform (X train)

X test std = stdsc.transform(X test)

from sklearn.neighbors import KNeighborsClassifier

import matplotlib.pyplot as plt

knn = KNeighborsClassifier (n neighbors=2)

sbs SBS (knn, k features=1)

sbs.fit (X train std, y train)

k feat = [len(k) for k in sbs.subsets ]
plt.plot(k feat, sbs.scores , marker='o')
plt.ylim([0.85, 1.02])

plt.ylabel ('Accuracy')

plt.xlabel ('Number of features')
plt.grid()

plt.show()
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. Feature Extraction

. Curseof Dimensionality

. Principle Component Analysis
! correlation

N
o
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Second principal component

o

T T T T T T
6 4 2 0 2 4 6

[TY] PCA b5, U ool Cuwd 4 o/ adlzo 93 -0 JKiS

Jie v

VA] oS Jloel i oy 4 gy po 8015 dcgasme (59 1) PCA 50,6l padled o Jlio ol o
from sklearn.datasets import load breast cancer
cancer=load breast cancer ()

el S ] gy ol 5 a5 (closly acgarme D90 ) (oS 4L (ol
print (cancer .DESCR)
5 &9 D96 03 dcgemme ) Nilodd Ao diws (slodg polas jl ooy dcgezme (pl sla Shy molie
93 shs Bun yiie L Ak mid o> Ay 5 e diged IV dadises cpl oy jl &S 5 (She 30

o o3l 5 (K4 b onilsi e ol s B3 inles O agy (ytolae 4Siy) el bath el 1 50 e

tprygl Cawd 4 1y liselo)
print (len (cancer.datalcancer.target==0]))
212 b paaled 295 2
el Ban  (Shg laie p b Sig w5l 8)by0 oS Canl Ggs 03 dcgerme 4 PCA Jlosl j) L
import numpy as np

import matplotlib.pyplot as plt

)"
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# we will have a figure which has 3 columns each has 10 features

fig,axes=plt.subplots (10,3, figsize=(12,9))

malignant=cancer.data[cancer.target==0]

benign=cancer.data[cancer.target==1]

# flat axes with numpy ravel

ax=axes.ravel ()

for i in range (cancer.data.shape[1l]):
__,bins=np.histogram(cancer.datal[:,1i],bins=40)

# red color for malignant class

ax[i] .hist (malignant([:,i],bins=bins,color="r'",
alpha=0.5)

# green color for malignant class

# alpha is for transparency in the overlapped

#region

ax[i] .hist (benign[:,1],bins=bins,color="g',alpha
=0.3)

ax[1] .set title(cancer.feature names[i], fontsiz

e=9)

#the x-axis co-ordinates are not so useful
fthere.

ax[i] .axes.get xaxis().set visible (False)

ax[i] .set yticks (())
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ax[0].legend ([ 'malignant', 'benign'],loc="'best',
fontsize=8)

# let's make good plots

plt.tight layout()

plt.show()

fractal wb b Shs wl jasie 0-0 JS& pasky 5l Jobs claplSsiws 5145 jsbolen

Al ola e d S Il sy ede s alwd 9 gjlwls p 5 @ dimension

4 M oo s SpswOorst perimeter Lworst concave points
sl il o B Sy 3l (Solews polie 503 Bl J15 550 ey I (il

import pandas as pd

# just convert the scikit learn data-set to pandas
data-frame:

cancer df=pd.DataFrame (cancer.data, columns=cancer. f
eature names)

#fisrt plot
plt.subplot(l,2,1)

plt.scatter(cancer df['worst
symmetry'],cancer df['worst
texture'], s=cancer df['worst
area']*0.05,color="g"', label="check',alpha=0.3)

plt.xlabel ('"Worst Symmetry', fontsize=12)

plt.ylabel ('"Worst Texture', fontsize=12)

#second plot
plt.subplot(l,2,2)

plt.scatter(cancer df['mean
radius'], cancer df['mean concave
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points'], s=cancer df['mean area']*0.05,
color="'purple', label='check', alpha=0.3)

plt.xlabel ("Mean Radius', fontsize=12)

plt.ylabel ("Mean Concave Points', fontsize=12)
plt.tight layout()

plt.show()

Jol S > md &8 psbolen ) saalie (Y0 ISWS) (295 2 (Solor olgicee | Sy (Kunly
e Mie Ll L &S casl jasuie WelS g b JFWOTSE area S il wwys |y ol 550
ey o8 5500 55 ped IS5 3 b o il (o uls 530)) BB 5l Worst Symmetry

Gl She polie (ulidl L cowl dgpiio 45 jobjlen .ouob )8 'Mean area Spy fiie
Abse Ll (o ph 5)lul) W8 5l Mean Concave Points jMean Radius

EU -
45 d ; Dzﬂ'- 2
w0 £ >
w 'nE_: 015 1
_;E 3'5 T fl}
2 ° s
- 30 - E 0.10 4
b
S =1 e
@ 0.05
20 1 =
157 0.00 -
T T T T T T T
02 04 L 10 15 20 25
Worst Symmetry Mean Radius

Lo, S35 i) o5 i ol o diswr (b s 5315 dcgasmo -0 UK
S0 b ok Jols s Dbl 45T sad o ialS S 1y (Shs slad sl & cwl kg, PCA

.( voe S rvm).‘a ve ". 41“*-3‘9 rvb d\_:) voe
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mean radius mean texture mean perimeter
= malignant
. ! ! ! benign ﬁ I I ! !
mean area mean smoothness mean compattness
mean concavity mean concave paints mean symmetry
mean fractal dimansion radius error texturs emor
_Ailllhhumhu_______jinz-- glllhiL_
perimeter emar area emor smoathness emor
| ol . | M _L
compactness eror concavity error concave paints emor
symmetry errar fractal dimension emor worst radius
.J‘.lh- | et |
worst texture worst perimeter WOrst area
T | T .
worst smoothness worst compactness worst concavity
warst concave points worst symmetry worst fractal dimension

o Glb jw 8313 degoreo jI (Tig 10 g (oo Sl 5 o gE (50357 did 93 0Tt 1= JK

StandardScalar S j b Sis mlie cilus bl gy PCA xSl Jlos! J L3

«Spo o) by el g9 d98e o5 Sk o eSle I (S plie NSl 3 L eeiS oo e3lata]

9o olde

from sklearn.preprocessing import StandardScaler

scaler=StandardScaler ()
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scaler.fit (cancer.data)
X scaled=scaler.transform(cancer.data)
ol o PCA (oM jl oolisl pl&in 2395 Jlosl ] 4 PCA o2)o31 b el o3lol 031 ac oo 9351
ool ol (cladalie §loliad dn 4 oS Jasuine
from sklearn.decomposition import PCA
pca=PCA (n_components=3)
u=pca.fit (X scaled)
X pca=pca.transform(X scaled)
gyl Cood & by £ gl s b IS bl 3 1y ol saailie B e wailgioe
ex variance=np.var (X pca,axis=0)
ex variance ratio=ex variance/np.sum(ex variance)

print (ex variance ratio)

> (25

[0.60950217 0.2611802 0.12931763]
Olpl )l i (bl JS 5 8o pAY > Jol ddlge 95l pasuie wsly (29 J & doilen
g hadye ob 4 5 b 3905 b » PCA hailie & sl ol 35 Jsl e 95 bl

st e Copgody |) mid s g med oS (sloodgi dlwd 9 &5 el 4l 1) sl oyl il o
Xax=X pcal:,0]
Yax=X pcal:, 1]
cdict={0:'red',1l:'green'}
marker={0:'"*',1:'0'}
labl={0:"Malignant',1:"Benign'}
alpha={0:0.3,1:0.5}

fig,ax=plt.subplots(figsize=(7,5))

fig.patch.set facecolor ('white')
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for 1 in np.unique (cancer.target) :
ix=np.where (cancer.target==1)

plt.scatter (Xax[ix],Yax[ix],c=cdict[1l], s=40,

label=labl[l],marker=marker[1l],alpha=alphall])
plt.xlabel ("First principal component",fontsize=14)

plt.ylabel ("Second principal
component", fontsize=14)

# Place a legend on the axes:

plt.legend ()
plt.show()
® Malignant
@ Benign
T 10 -
@
=
=]
j= 8
g
o 9
o "
= : *
J .
c 3
=1 P
- ¢ AR A
c A T
o
O
n ] #
T T T T T
-5 ] 5 10 15

First principal component
b (0357 U Sy o) AdJi0 93 Ll 31 diw Gl juw (cl003)5 §I diwrd 93 yI507 F-0) K

PCA e SS&5 LB o5 00l degoome diwd 90 (sladiged cunl [asuio 50 S5 p &S job e
ol 038 Joo Jas sbails S 4 el

i ey ] dusbrs 3 5 ol onl s &) b Sp Ml oslizul b b Lol claailse

Casl BB gy sl gy dlox ) PCA g, cplpby - wlazils
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plt.matshow(pca.components , cmap='viridis")

plt.yticks ([0,1,2],['"lst Comp','2nd Comp', '3rd
Comp'], fontsize=10)

plt.colorbar ()

plt.xticks (range(len (cancer.feature names)),cancer.
feature names, rotation=65,ha="left')

plt.tight layout()
plt.show()

oo Sl 5 o o o e Fiatly 0 V-0 JK

b bwl p oS sy Seaborn Sbuls Jheatmap o bl b Shy (Sied e g o0
o2 )S iy w4 ]) TWOTSE! dba Shy (Siuwon
feature worst=list (cancer df.columns[20:31])

s=sns.heatmap (cancer df [feature worst].corr (), cmap=
'coolwarm')

s.set yticklabels (s.get yticklabels (), rotation=30,f
ontsize=7)

s.set xticklabels(s.get xticklabels (), rotation=30, f
ontsize=7)

plt.show()
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o Sle ) atwd ya clwodld o Alols olul p oS canl sl LialS LDA Jlesl jl Gan isw oyl »
o T %Y Gl can D degerme Sy bo 4 o sl 0k sl bt oy Alols
X b § Intigns CudlSs gy ol 2 ol X sl (cslnSi) slassio J (2 Bpua X ol
C b pidls an €=V 4 Y clad » bages skl &S claga 9ed 0 pbol ¥ clas o
ol (OF) Gjle oy clilS (pl s Ablee .l 00 dsgoome (sladind luss BALS ezt
Y=wT"x (a¥)
@, Ol g e S plabad dad o il canl oad 0l (Eoled -0 S a9 4l YU Clrusy
oS Ol cunla b (gly oaiiS s oy i oS ) s S b

23 . L .
. Linear Discriminant Analysis
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. Within-class scatter
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S o Sl lE 1y 5l ge (sladibulis il
import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
import seaborn as sns
S alyJpandas &bls jread sV gb jleslitd b g oS o 9 |y 03l degasme s
I, index col b i a8, read csv gb p .S~ b DataFrame

)]éj » Ca) ‘.muf).’g [v**-’l d3l> a5 |) J9| u}u.u ML?O o |) pandas ‘Mm@ )l)§ false

=

2,55

columns=["var", "skewness","curtosis", "entropy", "cla
SS"]

df=pd.read csv ("http://archive.ics.uci.edu/ml/machi
ne-learning-
databases/00267/\data banknote authentication.txt",
index col=False,names=columns)

il Vom0 JSS S pgody b Shy sy 03 @iy
f,ax=plt.subplots (1,4, figsize=(10,3))
visl=sns.distplot (df ["var"],bins=10,ax=ax[0])
vis2=sns.distplot (df ["skewness"],bins=10,ax=ax[1])
vis3=sns.distplot (df ["curtosis"],bins=10,ax=ax[2])
visd=sns.distplot (df ["entropy"],bins=10,ax=ax[3])

f.savefig('sublot.png')
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] ) .25 1
012 07 .12
0101 .06 1 .10 1 .20 1
0.08 4 .05 1 i
.08 15
0.06 1 04 05 |
.03 1 .10 1
0.04 - .04 1
.02 1 0
002 7 U] i 02 T i
DU{' T T T U{l T T T U{l T T T U{l ! T T
=10 - 0 5 =20 =10 0 10 0 10 0 -0 -5 0
var SKewness urtosis entropy

P Ty ey 0313 dcgarme slddiged &1 ji ) 0= SIS
By s 0 A Cud 93490 B Shy s ) sk mjg sl jgied Kol edlandd b b
BB awod o slaodls (b 0 ) NClass” yae plply,pairplot &b j hue gl
(W0 ) Bgu o 03D Linled 50 diwd (sladised b S
sns.pairplot (df,hue="class")

4 b PCA uSey byl 30 oS o Ao oMS 63 0 ey 1) ke ity 4 clajby o

e 09 5 M o ol gyl Coms I Lo TDA 5 1pj s bodly (gjlws laili
oS oo 03l iyl s ple 33 I PCA oS Jb 3 oS oo o0l
mean_ vec=[]
for i in df["class"].unique() :
mean vec.append(df[df["class"]==1].mean() [:4])
sl (oM Gy 5 (M 0190 ) slample dulone ey Al o
SW=np.zeros((4,4))
for i in range (2) :#2 is the number of classes
per class sc mat=np.zeros((4,4))
for j in range (df[df["class"]==i].shape[0]):
row, mv=df.loc[j][:4].T,mean vec[i].T
per class sc mat += (row-mv) .dot((row-mv) .T)
SW += per class sc mat

print ("within-class Scatter Matrix:\n', SW)
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overall mean=np.array(df.drop("class",axis=1) .mean (

))

SB=np.zeros((4,4))
for i in range (2) :#2 is the number of classes
SB=np.zeros((4,4))
n = df [df["class"]==i] .shape[0]
mv=mean vec[i].T
overall mean = overall mean.T # make column vector

SB += n * (mv - overall mean).dot ((mv -
overall mean).T)

print ("between-class Scatter Matrix:\n', SB)

o> (295 )
within-class Scatter Matrix:

[[ 12894.02618964 12388.17949578 -5025.6093967
1110.90896782]

[ 12388.17949578 34177.22271176 -12505.24344685
-4576.31987213]

[ -5025.6093967 -12505.24344685 7858.82866205
1824.14383828]

[ 1110.90896782 -4576.31987213 1824.14383828
2876.82304762] ]

between-class Scatter Matrix:

[[ 5.82112206e+03 7.37300999e+03 -1.89802442e+03
1.39029178e+02]

[ 7.37300999%+03 9.33862504e+03 -2.40403016e+03
1.76093803e+02]

[-1.89802442e+03 -2.40403016e+03 6.18866372e+02 -
4.53315997e+01]
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[ 1.39029178e+02 1.76093803e+02 -4.53315997e+01
3.32051315e+001]]

:M”] Cawd I) SB u,w)JLo 2 c_:).o SW u»9§v.n u,w)JLo 3),59 LSLD’)l'))-f bl).o.ib 4 b),s9 ).:.)LO.A ..\Jl) Jl>
e vals, e vecs = np.linalg.eig(np.linalg.inv (SW) .dot (SB))
print ('Eigenvectors \n%s' %e vecs)

print ('\nEigenvalues \n%s' %e vals)

o> (25
Eigenvectors
[[ 0.74375324 -0.27164236 0.12880279 -0.13376905]
[ 0.34589513 0.21717358 -0.08720775 -0.00480773]
[ 0.57194183 -0.05802911 0.12801313 -0.36134456]
[-0.00837995 -0.93577705 0.97949849 0.92277453]1

Eigenvalues

[ 5.27056121e-01 1.38917912e-16 5.71158160e-17 -
5.14733112e-17]

b Sisles (Soles ly o) ek Gl | 039 polie cpyii UKL blae 55 )0 p Uk Ll e8]
b Canl ply W S o glo . onlS D5l 1y 553 B30 ke 2 b Jolize b9 oy 2
W=e vecs[:,:2]

it s (lad 0 T JUi5) Gl b (o & bogye gt o885 5 5 o) | boods Jio
oS (50

X lda=df.iloc[:,:4].dot (W)
Iy oygiw pb g oS o il DataFrame « ) (g Lo lad pbodl) X 1da ;5w ¢
oS o s MSpL WPC2” 4 “PCL”

df ["PC1"]=X lda.iloc[:,0]

df ["PC2"]=X lda.iloc[:,1]
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vis=sns.lmplot (data=df[["PC1l", "PC2","class"]],x="PC
1",

y="PC2",fit reg=False, hue="class",size=6,aspect=1.5
,scatter kws={"'s':50})

vis.savefig("lda.png")
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sns.pairplot (df[["PC1","PC2","class"]],hue="class")
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from sklearn.discriminant analysis import \
LinearDiscriminantAnalysis as LDA

model=LDA (n_components=3)
X=df.iloc[:, :4]

y=df ["class"]

X lda=model. fit (X, y)

X lda=model. transform(X)

df ["PC1"]=X 1ldal[:,0]
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sns.regplot(data=df[["PC1", "class"]], x="PC1l",
y="class", fit reg=False, scatter kws={'s':50})
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from sklearn.preprocessing import StandardScaler
from sklearn.decomposition import PCA
from sklearn.linear model import LogisticRegression

from sklearn.pipeline import Pipeline

pipe 1r = Pipeline([('scl', StandardScaler()),

('pca', PCA(n_ components=2)),
('clf',LogisticRegression (ranom state=1))])

pipe lr.fit(X train, y train)
print ('Test Accuracy: %.3f' % pipe lr.score (X test,
y test)) - -
> (295

Test Accuracy: 0.936
bpv sklearn &boks’ ) StratifiedKFold WS il eslitel b saleds o Jb
oS oo i HK Jadenn SPLlits gl . [0] s ol 3 KFOLd owjlael (gjlwesly
2 g S oo memd Hb K 1) ijg0] 835 degomme SPLIT s j odlitul b fOT &bl & g
a5 bjgel sly s Cpl j3 a5 ool dcgeme 4 PIPLline j oslitul L1y (i59e] coumds b
ol 3 g amd e pbsl ) sliel S shiws dwbe DINcCOUNT e oS o Jloe! el ol a8 S

o L ol s 9 0 ey dlawd 4 0 pbs] s 2 0 &S M5 0 aSudio

import numpy as np
from sklearn.model selection import StratifiedKFold
kfold = StratifiedKFold(n splits=10,random state=l)

scores = []
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for k, (train, test) in
enumerate (kfold.split (X train,y train)):

pipe lr.fit (X train([train], y train[train])

score = pipe lr.score(X train[test],

y _train[test])

scores.append (score)

print ('Fold: %s, Class dist.: %s, Acc: %.3f' %
(k+1,

np.bincount (y train[train]), score))

> (29
Fold: 1, Class dist.: [134 2241, Acc: 0.975
Fold: 2, Class dist.: [134 2241, Acc: 0.975
Fold: 3, Class dist.: [134 224], Acc: 0.950
Fold: 4, Class dist.: [134 224], Acc: 0.875
Fold: 5, Class dist.: [134 2241, Acc: 0.950
Fold: 6, Class dist.: [134 2241, Acc: 0.950
Fold: 7, Class dist.: [134 224], Acc: 0.950
Fold: 8, Class dist.: [134 2241, Acc: 0.975
Fold: 9, Class dist.: [134 224], Acc: 1.000
Fold: 10, Class dist.: [135 225], Acc: 0.974

tod0] Cawd 4 slacd wi:L.o u,u.»lo.’ L;])g
print ('CV accuracy: %.3f +/- $.3f' %
(np.mean (scores) , np.std(scores)))
o> (295 )

CV accuracy: 0.957 +/- 0.032
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b aad o ly Sl opl b ay &S i 8o sSklearn &lxls” jl jil,cross val score
S obs) sl Cyeoas StratifiedKFold jleslaw by sl

from sklearn.model selection import cross val score
scores = cross val score(estimator=pipe lr,

X=X train,

y=y train,

cv=10,

n jobs=1)

o)

print ('CV accuracy scores: $s' % scores)

feld (295 )

CV accuracy scores: [0.975 0.975 0.95
0.875 0.95 0.95 0.95 0.975
1. 0.97368421]

b cds ke OJ”T Cad & sly g

o) Q

print ('CV accuracy: $.3f +/- $.3f' %

(np.mean (scores),np.std(scores)))
el (29 P

CV accuracy: 0.957 +/- 0.032

S1) o) ) &S s o o sl ) pel magiaoly clail; dan a5 cud ol ar S pye &S

S oM Jl Sy Gl (SKee g 250 pll by opl hleme L3pMe @ L Sl e o

oS (gdas slasrad o bate b bagel)ly I (Sl ol pU L sy &y S sl el slbaibols

A5 Anled x5 JSide ol ool g glas 5 sub help jeues jeslawl b ( Solway &5 L
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