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Ornekler:

w Netflix 6neri sistemi.

w Bir kitap tavsiye sistemi.

w Amazon'da bir Grtin éneri sistemi.
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. dzNI R @SNR y21 4 ©0/KANPWRSYyRNEIING W KSFS RESRI €Pf
ITNYSESNAR Il NESEfSOUANNS] AwAYy KABSNINDBA]T (NY
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I NRPYRIYZ RFEKF 06N&N{1 {NYSEtSNI 2 dz0GdzNYI |1 A ceAy
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| A8 SNIF NDA]l | MFSHSS KBy RRSY ofEf FyidP @1 yaSYAyS -
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import numpyasnp

import matplotlib.pyplotasplt
x=[45,10,4,3,11,14,6,10,12]

y =[2119,24,17,16,25,24,22,21,21]
plt.scatter(x, y)

plt.show()
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AYRA 12€dzd ol E€flIYyuGPaP o646 NR fAYy{1lF3S0 1 1ftAR
dASYRNRANI Y (dzf € yPEFNI {1 3II NASEESOGANRE AN

te@iK2y 12R | NYSEAY

import numpyasnp

import matplotlib.pyplotasplt

from scipy.cluster.hierarchynport dendrogram, linkage

x =[45,10,4,3,11,14,6,10,12]
=[21,19,24,17,16,25,24,22,21,21]

data =list(zip(x, y))

linkage data = linkage(data, method="wartigtric="euclidean’)
dendrogram(linkage_data)

plt.show()
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Exanple

import numpyasnp

import matplotlib.pyplotasplt
from sklearn.clustemport AgglomerativeClustering

=[45,10,4,3,11,14,6,10,12]
=[2119,24,17,16,25,24,22,21,21]



data =list(zip(x, y))

hierarchical_cluster = Agglomerativagtering(n_clusters=2,
affinity="euclidean'linkage="ward')
labels = hierarchical_cluster.fit_predict(data)

plt.scatter(x, y, c=labels)
plt.show()
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Import the modules you need.

import numpyasnp

import matplotlib.pyplotasplt

from scipy.cluster.hierarchynport dendrogram, linkage
from sklearn.clustermport AgglomerativeClustering

bdzYt e teidiK2yUdRI RATAfSNI @S YIGNR&ESNIS el fF
scikitt SFNYZ YIFE1TAYS | ENBYAYA AceAy LI2LINEf SNI 6ANI 1
BirverikimesRS A1A RS€A061SYyS oSyl SesSy RATAEtSNI 2f dz
2f Y APYl NIYE€YSYys o0dz 8l yaSYAY KSNXKFyYy3IA 0AN &l

x=1[45,10,4,3,11,14,6,10,12]

y =[2119,24,17,16,25,24,22,21,21]
Tum the data into a set of points:
data =list(zip(x, y))

print(data)

Sonug:



[(4,21), (5,19), (10.24), (4,17), (3,16), (1125), (1424), (6,22), (1021), (12,21)]

¢CNY FIENJEP y210Ff N FNFYaPYRFE1A oloRisuvwiP KSal

INYSESNIIFN&APYRITA QGFNEBIYAP Sy 1 AYRANNYSES
linkage_data = linkage(data, method='ward’, metric="euclidean’)

Son olarak, sonuclar bir dendrogramda cizilir. Bu cizim bize alttan (bireysel noktalar)
& dzl FANIPRY GSNR y21aGFEFNPYRFIY 2ftdzoly GS{1 0ANI |
L GPaK2660 al RSOS KIY o6lFE€frFyiP SSNRAREAA B@SNAYS

dendrogram(linkage_data)
plt.show()
Result:
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INYSe&tS oot GPt PN

hierarchical_cluster = AgglomerativeClustering(n_clusters=2, affinity="euclidean’,

linkage="ward")

OFAGYLINBRAOG &1 yiSYAST aSceitSy {NYS &l &PYPIRL
KSal LX FYlF] AceAy ODSNAfSNAYAT NI SNAYRS el €NPT I
scikitt S NY 1 AGF LI PEPS KA@SNINBA]l ({NYSESYSeA FII
2fFNF 1z FeyP I {fAR YSal¥Saa @S 2| NR ol E&EflyarF
INYSetS o666t GPt PN

labels = hierarchical_cluster.fit_predict(daf@a)nt(labels)



Sonu¢: [10011011]

{2y 2fFNF1Z KABSNINBARATRNYSt §viSyelyy 58¥A 8116 SK
BSNARAE SNI oAl AfANI @S y210FfFNI NBY{1fSYRANRE ANARS
plt.scatter(x, y, c=labels)

plt.show()
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2.1.2. K-ortalama
KaSlya ! ft32NARGYI AP
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mMNYS1TY . TP @OSNR y210FfFNPYyP 31 NaSttSodANBNS
import matplotlib.pyplotasplt

x=1[45,10,4,3,11,14,6,10,12,13,7,15,17,7,58

y =[2119,24,17,16,25,24,22,21,21,18,20,29,21,22,15,14

plt.scatter(x, y)

plt.show()
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from sklearn.clustermport KMeans
data =list(zip(x, y))

inertias =[]

foriinrange(1,11):
kmeans = KMeans(n_clusters=i)
kmeans.fit(data)
inertias.append(kmeans.inertia_)

plt.plot(range(1,11), inertias, marker='0")
plt.title('Elbow method')
plt.xlabel('Number of clusters')
plt.ylabel('Inertia’)

plt.show()
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kmeans = KMeans(n_clusters=2)
kmeans.fit(data)

plt.scatter(x, y, c=kmeans.labels )
plt.show()

24 1 . .

224

204

18 4

16 +

MNY SEAY | ePlflYYIlI APY
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import matplotlib.pyplotasplt

from sklearn.clustermport KMeans

from sklearn.cluster import Kmeajish NIi [ € | Y € 32NRGYFaPyl FAG @
transfer eder.



scikitt SFNY= YIFETAYS | ENBYAYA AceAy LI2LINE SNI 6ANI {1
benzeyen dizilerb dzo (i dzNHzf dzNX . dzNJ Rl &F f yPT OF A1A RSEA
O0ANJ &1 @2PRII RSEAG1SYtS clfPolOFEPYP dzydziYI &Py
x =[45,10,4,3,11,14,6,10,12]

y =[21,19,24,17,16,25,24,22,21,21]

+SNRAESNI OANI RATA y21dF&F RI YNSGNNNE NNY
data =list(zip(x, y))
print(data)

Sonug:
[(4,21), (5,19), (1024), (4,17), (3,16), (11.25), (1424), (6,22), (10.21), (12,21)]

Y AeiAy Sy A@A RSESNAR odzf YI {1 A ddd et | NPNIPR odl X P2
ASNB1 AN Al fyRIGOIYPhN BN R2f I e@PaPetl YIF{1aAayYe
OMIMMO | NI f PEPYREINW FKINIIY YRREST MR SASaaAlyA NFAAT NJ OYS
AYOGSNIAFUEP Al SNAT Y

inertias = []

foriinrange(1,11):
kmeans = KMeans(n_clusters=i)
kmeans.fit(data)
inertias.append(kmeans.inertia_)

plt.plot(range(1,11), inertias, marker='o0")
plt.title('Elbow method')
plt.xlabel('Number of clusters')
plt.ylabel(Inertia’)

plt.show()
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,dzZl FNPREFETA 3INITFALGS 0 A YHIRSINEEFSU yHRAYY RYITKiHY RESA y25 RN
gorebiliriz. DahasonralK N> ce £ 32NAGYlF YPT P 6ANI 1 ST RIKIF dzE
kimeleri gizebiliriz:

kmeans = KMeans(n_clusters=2)

kmeans.fit(data)

plt.scatter(x, y, c=kmeans.labels )
plt.show()
Result:

24 o o

22 A

20 A

18 A

16




213. ¢SYSt . AfSoSy !yl ftAIl A 6t N

Analysis- PCA)
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Calculation steps of PCA:
Let there is amN*1 vector with valuesk, x2S  Xnb ®3 E
1 Calculatehe sample mean:

M
X=1/M } x
i=1
1 Subtract sample mean with vector value:
O =x-X
1 Calculate the sample covariance matrix:

L T T
2 =1/Mz CD,CDi = 1/MAA

i=1]

Where, A=[@, @,.... D]

n* m matrix

1 Calculate the eigenvalues and eigenvectors of the covariance matrix



qui= AU

Assumptions,
the corresponding
>A> - >\ andu,u ,..,u Z°
)\1 2 n 1 2

n eigenvectors

1 Dimensionality reduction approximate x using only the first k eigenvectorsNj<

Python Implementation of the Principal Component Analysis (PCA)

¢CKS YIAYy 32Ff 2F tedK2yQa AYLI SYSyillGdAaz2y 27
1 Implement the covariance matrix.
1 Derive eigenvalues and eigenvectors.
T Understand the concept of dimensionality reduction from the PCA.

Loading the Iris data

import numpy as npimport pylab as plimport pandas as pdfrom sklearn import
datasetsimport matplotlib.pyplot as pltfrom sklearn.preprocessing import
StandardScalerload_iris = datasets.load _iris()iris_df = pd.DataFrame(load_iris.data,

columns=[load_iris.feature_names])iris_df.head()
sepal length (cm) sepal width (cm) petal length (cm) petal width (cm)

0 5.1 3.5 1.4 0.2
1 4.9 3.0 1.4 0.2
2 47 3.2 1.3 0.2
3 46 3.1 1.5 0.2
= 50 3.6 1.4 0.2

Standardization
It is always good to standardize the data to keep all features of the data in the same scale.
standardized_x = StandardScaler().fit_transform(load_iris.data)standardized_x[:2]

array([[-©.90068117, 1.81900435, -1.34022653, -1.3154443 ],
[-1.14301691, -0.13197948, -1.34022653, -1.3154443 ]])

ComputeCovariance Matrix
covariance_matrix_x = np.cov(standardized_x.T)covariance_matrix_x

array([[ 1.ee671141, -©.11835884, 0.87760447, ©.82343066],
[-©.11835884, 1.0671141, -©.43131554, -0.36858315],
| ©.87760447, -0.43131554, 1.00671141, ©.96932762],
[ ©.82343066, -©.36858315, ©.96932762, 1.00671141]]

)



Compute Eigenvalues and Eigenvectors from Covariance Matrix
eigenvalues, eigenvectors = np.linalg.eig(covariance_matrix_x)eigenvalues

array([2.93808505, ©.9201649 , ©.14774182, ©.020885386])

eigenvectors

array([[ ©.52106591, -©.37741762, -©.71956635, ©.26128628]
[-©0.26934744, -8.92329566, ©.24438178, -0.12350962]
[ ©.5804131 , -9©.02449161, ©.14212637, -0.80144925]
[ ©.56485654, -8.06694199, ©.63427274, ©.52359713]

3

i)

Check variance ikigenvalues
total_of eigenvalues = sum(eigenvalues)varariance = [(i / total_of eigenvalues)*100 for i in
sorted(eigenvalues, reverse=True)]varariance

[72.96244541329989, 22.850761786701753, 3.668921889282865, ©.5178709107154905 |

The values shown in figure indicate the variance giving the analysis below:
1 1st Component = 72.96%
1 2ndComponent = 22.85%
1 3rd Component = 3.5%
1 4th Component = 0.5%
So, thethird andfourth Components have very low variance respectively. These can be
RNRLIISR® . SOlFdzaS GKS&aS O02YLRySyida OFyQl |

0«
0«

Taking 1st and 2nd Components only and Reshaping

eigenpairs = [(np.abs(eigenvalues]i]), eigenvectors]:,i]) for i in range(len(eigenvalues))]#
Sorting from Higher values to lower valueeigenpairs.sort(key=lambda x: x[0],
reverse=True)eigenpairs

[(2.928085050199995,

array([ ©0.52106591, -0.26934744, ©.5804131 , 0.56485654])),
(0.9201649041624864,

array([-0.37741762, -0.92329566, -0.02449161, -0.06694199])),
(0.1477418210449475,

array([-0.71956635, ©.24438178, ©.14212637, 0.63427274])),
(0.020853862176462696,

array([ ©.26128628, -0.12350962, -0.80144925, 0.52359713]))]



Perform Matrix Weighing of Eigenparis
matrix_weighing =
np.hstack((eigenpairs[0][1].reshape(4,1),eigenpairs[1][1].reshape(4,1)))matrix_weighing

array([[ ©.52106591, -0.37741762],
[-0.26934744, -0.92329566],
[ ©.5804131 , -0.02449161],
[ ©.56485654, -0.06694199]])

Multiply the standardized matrix with matrix weighing:
Y = standardized_x.dot(matrix_weighing)Y

array([[-2.26470281, -0.4800266 ],
[-2.08696115, ©.67413356],
[-2.36422905, ©.34190802],
[-2.29938422, ©.59739451],
[-2.38984217, -0.64683538],
[-2.07563095, -1.48917752],
[-2.44402884, -0.0476442 ],
[-2.23284716, -0.22314807],
[-2.33464048, 1.11532768],
[-2.18432817, ©.46901356],
[-2.1663101 , -1.04369065],
[-2.32613087, -0.13307834],
[-2.2184509 , ©.72867617],
[-2.6331007 , ©.96150673],

Plotting

plt.figure()target_names = load_iris.target_names

y = load iris.targetfor c, i, target_name in zip("rgb", [0, 1, 2], target_names):
plt.scatter(Y[y==i,0], Y[y==i,1], c=c, label=target_name)plt.xlabel('PCA 1")

plt.ylabel('PCA 2"

plt.legend()
plt.title(PCA")
plt.show()
PCA
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Matrix Decomposition or Matrix Factazation

Matrix Decomposition or factorization is also an important part of linear algebra used in
machine learning. Basically, it is a factorization of the matrix into a product of matrices.
There are several techniques of matrix decomposition like Ldrdposition, Singular value
decomposition (SVD), etc.

Singular Value Decomposition (SVD)

It is a technique for the reduction of dimension. As per singular value decomposition matrix:
Let M is a rectangular matrix and can be broken down into three prodictsatrixt (1)
orthogonal matrix (U), (2) diagonal matrix (S), and (3) transpose of the orthogonal matrix

(V).

M=USVT
A N

Orthogonal Orthogonal

Diagonal

Conclusion

Machine learning and deep learning has been build upon the concept of mathematics. A
vast area of mathematics is used to buildalthms and also for the computation of data.
Linear algebra is the study of vectoi®] and several rules to manipulate vectors. It is a key
infrastructure, and it covermany areas of machine learning like linear regression;tmte
encoding in the categorical variable, PCA (Principle component analysis) for the
dimensionality reduction, matrix factorization for recommender systems.

Deep learning is completely based oreln algebra and calculus. It is also used in several
optimization techniques like gradient descent, stochastic gradient descent, and others.
Matrices are an essential part of linear algebra that we use to compactly represent systems
of linear equationslinear mapping, and others. Also, vectors are unique objects that can be
added together and multiplied by scalars that produce another object of similar kinds. Any
suggestions or feedback is crucial to continue to improve. Please let us know in the
commens if you have any.


https://math.libretexts.org/Bookshelves/Linear_Algebra

Uygulama:
Veri setimiz Uzerinde PCA yapabilmek icin sklearn kutiphanesinden PCA metotunu
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## lmport load iris dataset

from sklearn.datasets import load iris
import matplotlib.pyplot as plt
impart pandas as pd

import numpy as np

import seaborm as sns

iris = load irias{)

data = iris.data

featura_names = iris.featura_names
¥ = iris.target

¥

array(|0, 0, O, O, O, 0, O, &, O, O, O, D, O, D, O, O, O, O, O, O, O, O, O,
o, &, O, 0, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, Oy
o, o, 0,0, 2,121,111, 1, 1, 1,1, 1, 2, 1, 1, 1, 2, 1, 1, 1, 1, 1, 1,
By 1, 3¢ 1 Xp 24 1, 1y 1p 2¢ 1y 1y 1 Lo 1, 1, 3¢ 1, 1y By 1. 1, 1,
Lo Lo Ip Ly Ly 1, 1, L, 2y 2y 2y 2y 2, 2, 2y 2y Ey 2, 2, 3, 2, 2, 8
2, 2,2, 2,2,2,2,2,2,2 2,2 2,2, 2,2,2,12,2 21,12
2, 2, 2, 3, &, 2, 2, %, 2, %, 2, Z])

df = pd.DataFrame(data,columns = feature names)
dAf["alnif*] = y
x = data
df .head| )

sepal length (cm] | sepal width {cm) | petal length (cm) | petal width (cm) | sinif
0|51 35 14 0z ]
1|49 3.0 14 0z o
2|47 az 1a 02 n
3|48 31 1.5 02 ]
4|50 36 1.4 (U] n
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pea = PCAn_components = 2, whiten= Trus )
pea. fit(x)

F whitten = pe

®_poa = pea.transform(x)

print( “variange ratie: ", pea.explained varianse ratio )

print("sum: ",sum|pca.axplained wvariance_ratic_))

variance ratio: | 0.92461621
sums B, 97T631775025

D.05301557

poa = PCA{ whiten= True).fit(x)
plt.plet(np.cumsum|pei . explained_varlance _ratio_))
plt.xlabel( nunber of components')

plt.ylabel | 'cumulative explained wariance®);
plt.show(]
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In [7]s

Out[T]:

In [8]:

t /!

df_epne = pd.DataFrame({'var'ipca.explained variance ratio ,
'BC':['PC1','PC2Y, PO, PCA DL

df_sno

PC var

0| PC1|0.524616

g

0,0530M86

g

g

0.017185
0.005183

sns.barplot(x="PC' ,y="var",data=~df_gns, coler="c"}

plt.ylakel|"variance Explained”)
plt.zlabel {"Principle Componenta")
plt.show| )

Varance Explained

PC2 Pl
Principle Comgonants

RI YNONYN

grafikte gorebiliriz.

In [#]1

In [10]3

af[
df|

"pL"] = x_pea[:, 0]
“p2"] = x_poaf1,1]

color = ["red”,"gresn”, " blus" ]

for

plt.
«Xlabel("pl"}
«¥label("p2")
plt.

plt
plt

-1 =

-1

each in range(d)s

ABE SYAYA

GFrYFYtfFRPLOGFY

plt.ecatter(df.pl[df.sinif == each],df.pZ[df.sinif == each],color = color|each],label = iris.target_names[each]]

legend()

show | |
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wSaANBaezy FftIA2NROGYIFfF NPY
Linear Regression

Polynomial Regression

Exponential Regression

Logistic Regression

Logarithmic Regression

=A =4 =4 A =
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f(x) =Ag+A1z ... (1)
f(2) =g+ Az 4+ o2 ... (2)
f(x) =Xo+ A1+ }-.2;_1'2 + }-.3.-1'3 + )\4;1‘4 .. (3)

,SGSNI A OSNR 2t RdzEdzy RI'Z | 8 PNP dz& dzY & 2 NXzy dzy dz



311. 52&€NHzalf wS3AINI aezy

52&NHzaf wSANBae2y b DRAANEE avldifATYIS/ PEAMNNSKY A YA Y RS
42€dz YITAYS | ENBYAYA dba[0 ftA2NAGYlFaAaPs oFodl
Ff PYYPOUGPNY az2RSttSNAY RIFIKINKSEBRAOGERYAYZY 82 RE ¢
| ENBYAYAYAY 0ANI LI Nlel &P KR2AEANAZA | 8 S f NBH| NIBSaReA2N,
AadraradrlasSt KSY RS YF{AYS | ENBYAYA Ff3I2NRG

52&ENHzAf NBINBLaez2yzr OSNR O6AfAYA @S YI1AyS
2fE YL@y OANI FfI2NAGYFI RPN S5SKESOAFT Sy (6SND H NIN
YFEGSYFGAT1a8tf AfAO|IAGA AyOStSYS] AceAy (dzf |} yF
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Lineer regresyondanahtar terminolojiler
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Logistic Linear
regression regression
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Predicts dependent Predicts dependent
variable for a given set of variable for a given set of
independent variables. independent variables.
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. En uygun cizgi cizilir.

i. Test veri seti icin bir tahmin fonksiyonu bulunur.
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mMNY S1Y . AN RFEPEtPYPY 3INF FTAEA
import matplotlib.pyplotasplt

x =[5,7,8,7,2,17,2,9,4,11,12,9,6]

y =[99,86,87,88,111,86,103,87,94,78,77,85,86]

plt.scatter(x, y)

plt.show()
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Examplelmport scipyand draw the line of Linear Regression.
import matplotlib.pyplotasplt
from scipyimport stats
x=[5,7,8,7,2,17,2,9,4,11,12,9,6]
y =[99,86,87,88,111,86,103,87,94,78,77,85,86]
slope, intercept, 1p, std_err = statéinregress(x, y)
def myfunc(x):

returnslope * x + intercept
mymodel dist(map(myfunc, x))
plt.scatter(x, y)
plt.plot(x, mymodel)
plt.show()
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scipyistatistiklerinden transfer edilir.

E S & S1aSyAyAy RSESNISNAYyA GSyairt SRSy RAI
x =[5,7,8,7,2,17,2,9,4,11,12,9,6]

y =[99,86,87,88,111,86,103,87,94,78,77,85,86]

52ENHzalf wSaNBaezydzy ol 1T P | ySYfyratblgr KilF NI RSE€
Af2LI6SEAYVT AYOISNOSLIIo]SaAoYSusE NE LI adRYSN

.SYA O0ANI RSESNI St RS SiGYS]T AceAy SEAY @S 1SaAros
8SYyA RSESNE E RSESNRYS aBWNYRISPY SHBEEN & NESHE
edilir:

def myfunc(x):

return slope * x + intercept

E RATA&GAYAY KSNJI RSESNR A6tSP I NI OPt PEPetl cel
RAT A@ES &az2ydzoet I yI OF 1 G4 PNY

mymodel = list(map(myfunc, X))

h NA 2A Y NI FIAERIYRY oAl AYyY LI 6§80 GGSNDES &0
52ENHzalf NBINBaezy oAl 3AAAYA AT AYY LI GoLX 210
5A&1F3ANIYP 3II NNYGNfSeAyyY LI GPaK246060

S1aSyYyAyAy RSESNISNR AfS & S{1TaSyAyAiAy RSESNI
| YSYf ARANE SESNIBIANDI A2 R 2K Mded RBIENIEA (G KYAY
L dz ATANBALF ae 2N 20 08 B PEARI-1 y RPSIPH PNKI AP RBIER RN
KA@®OANI At AD| AM (@ &Y RP EAPYAPS (XSt 1 0yESI YPY | 3St AN
icinbdz RSESNRA KS&l LX Fe&FOFr{4dPNE GS1 @&l LYFyPl 3SN



mNYy S1Y +SNAESNAY R2ENMHzAIE O0ANI NBINBaez2yl yS
from scipyimport stats

x =[5,7,8,7,2,17,2,9,4,11,12,9,6]

y =[99,86,87,88,111,86,103,87,94,78,77,85,86]

slope, mtercept, r,p, std_err = stats.linregress(x, y)

print(r)

Not:NJ { 2NBf I ae2y RSESNARANXY .| EPYEP @S o0l EPYATF
2f YI RPEPY-ROPD B ARY 8O N¥Y N1 SYYSE 2fYl&ly 060ANI A
gelecekteki tahminldlR S R2 ENXzal f NBINBLae2yaNUPdBYYFHLoATE SDS
8l RI bmM RSESNARANXY aN]SYYSEt 2ftYl&ly AfAO1A

DSt SOST0S1TA 5SESNISNRA ¢l KYAY 9RAfYSaa

I NIP1 3StSOS{TUS1TA RSESNISNR GF KYAQneBGOY S| A ceA
8FrO0PYRIF O0ANJINYolyPy KPIPYP (FKYAY SiyvySeS e
FeyP YeFdzyOo60 A0t SOAYS AKiGAEFOPYPI @I NY

def myfunc(x):

return slope * x + intercept

Ornek:
from scipy import stats
x=[5,7,8,7,2,17,2,9,4,11,12,9,6]
y =[99,86,87,88,111,86,103,87,94,78,77,85,86]
slope, intercept, r, p, std_err = stats.linregress(x, y)
def myfunc(x):
return slope * x + intercept
speed = myfunc(10)
print("speed=", speed)
print("r=",r)
print("slope=",slope)
print("intercept=",intercepxt

speed= 85.59308314937454
r=-0.7585915243761551
slope=-1.751287711552612
intercept= 103.10596026490066
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def myfunc(x):
return slope * x + intercept
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Example: x ve y ekseniicinBIS € SNI SNE R2 € NHza | f

a2ydzet I yYI f PRPNI
import matplotlib.pyplot as plt
from scipy import stats
X =[89,43,36,36,95,10,66,34,38,20,26,29,48,64,6,5,36,66,72,40]
y =[21,46,3,35,67,95,53,72,58,10,26,34,90,33,38,20,56,2,47,15]
slope, intercept, r, p, std_err = stats.linregress(x, y)
def myfunc(x):
return slope * x + intercept
mymodel = list(map(myfunc, x))
plt.scatter(x, y)
plt.plot(x, mymodel)
plt.show()

speed= 40.59144864292098
r=0.013318141542974908
slope=0.013916581398452628
intercept= 40.452282828936454
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Not: y= ax+b ifadesinde slope=a, intercept=b

b23dY NJ RSE€SNAM

import matplotlib.pyplotasplt
from scipyimport stats

nal

el 1Py

0 A NJ

RSESNJ 2f RdzEdz A A

x =[89,43,36,36,95,10,66,34,38,20,26,29,48,64,6,5,36,66,72,40]
y =[21,46,3,35,67,95,53,72,58,10,26,34,90,33,38,20,56,2,47,15]
slope,intercept, r, p, std_err = stats.linregress(x, y)

def myfunc(x):

returnslope * x + intercept
mymodel dist(map(myfuncx))
plt.scatter(x, y)
plt.plot(x, mymodel)
plt.show()
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5

Y=b0+ bl*X1+b2*X2+".+b‘n*Xn

Where,

b, = constant or y intercept of line
by, b,, b, = coefficient of input feature
Xy, X5, X,, = input features

Y = output

g. Predict the values:

h. Accuracy of the model:

Now notice that here we used the same dataset for simple and multivariable linear
regression. We can notice that the accuracy of multivariable linear regression is far better
than the accuracy of simple linear regression.

Multiple linear regression formula
Multiple regression is like linear regression, but with more than one independent value, meaning
that we try to predict a value based on two or more variables.

The formula for a multiple linear regression is:
y=PFo+ B X1+... +3.X, +¢
T Y =the predictedvalue of the dependent variable
By = the yintercept (value of y when all other parameters are set to 0)
B1 X = the regression coefficienf—_"{l) of the first independent variable}{l) (a.k.a. the
effect that increasing the value of the independent variable hatherpredicted y value)
9 X I' R2 GKS &alYS T2NJ K2gSOSNJ YIyed AYyRSLISYyRSyi



1 B, X, =the regression coefficient of the last independent variable
€ = model error (a.k.a. how much variation there is in our estimaté)of

Multiple Regression

h 1 =z zp2 L1g 8o €1
) 1 @z T T2, 3 €2
vs | = |1 @31 z3» T3 3o | L | €3
Un 1 Tnl Tn2 Tng ﬂq En

Ornek:An analyst studying a chemical process expects the yield to be affected by the levels of two
factors,x1 andx2. Observations recorded for various levels of the two factors are shown in the
following table. The analyst wants to fit a first ordegression model to the data. Interaction
betweenxlandx2is not expected based on knowledge of similar processes. Units of the factor
levels and the yield are ignored for the analysis.

Observation Factor | Factor 2 Yield
MNumber (x,) (x) ()
| 41.9 291 251.3

2 43.4 293 251.3

3 439 20.5 248.3

4 445 297 267.5

3 473 299 273.10

& 47.5 30.3 276.5

7 479 L5 270.3

# 30.2 30.7 2749

9 52.8 0.8 285.0

10 53.2 30.9 200.0

11 56.7 3.5 2097.0

12 57.0 31.7 3025

13 63.5 319 304.5

14 65.3 32.0 3093

15 71.1 32,1 321.7
([ 77.0 32.5 330.7

17 7718 32.9 349.0




A scatter plot for the data is shown next.
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The first order regression model applicable to this data set having two predictor variables is:

Y =05+ Bizi + Boxa + €

where the dependent variable, Y, represents the yield and the predictor variables,
x4 and 9, represent the two factors respectively. The X and Yy matrices for the data can be obtained as:

1 41.9 29.17 [251.3
1 434 293 251.3

1 77.8 32.9] | 349.0



The least square estimates, 3, can now be obtained:

B = (X'X) ' X'y
17 041 525.37 ' [4902.8
= 941 54270 29286 276610
525.3 29286 16254 152020 |
—153.51 ]
= 1.24
12.08
Thus:
Bo —153.51
B=|8,|=] 124
8, 12.08
and the estimated regression coefficients are BD = —153.51. ,él = 1.24 and 32 = 12.08. The fitted regression model is;

Bo + Brx1 + Bozg
—153.5 + 1.24z, + 12.08z,
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R2 ENMzt dz€Edzydzy 2 ol aAG R2ENMzAI f NB 8 RBE 822 ¥ dz)K]

edilebilir.



Ornek:
421fdz NBINBaez2ys> R2ENMHzAIIt NBINBaAe2y TAO0ARANE

~

elyA AlA gSel RFKIF FFTELl RSEAO]1SYS RIF&FEP 0A
1 6 EPRIFTA GSNR &aSGAyS FOIAMNI 63A €13 AHE(ISPNO SA ok SNNRGE! 2f NN
Car Model Volume | Weight | CO2
Toyota Aygo 1000 790 99
Mitsubishi | Space Star | 1200 1160 95
Skoda Citigo 1000 929 95
Fiat 500 900 865 90
Mini Cooper 1500 1140 105
VW Up! 1000 929 105
Skoda Fabia 1400 1109 90
Mercedes | A-Class 1500 1365 92
Ford Fiesta 1500 1112 98
Audi Al 1600 1150 99
Hyundai 120 1100 980 99
Suzuki Swift 1300 990 101
Ford Fiesta 1000 1112 99
Honda Civic 1600 1252 94
Hundai 130 1600 1326 97
Opel Astra 1600 1330 97
BMW 1 1600 1365 99
Mazda 3 2200 1280 104
Skoda Rapid 1600 1119 104
Ford Focus 2000 1328 105
Ford Mondeo 1600 1584 94
Opel Insignia 2000 1428 99
Mercedes | GClass 2100 1365 99
Skoda Octavia 1600 1415 99
Volvo S60 2000 1415 99
Mercedes | CLA 1500 1465 102
Audi A4 2000 1490 104
Audi A6 2000 1725 114
Volvo V70 1600 1523 109
BMW 5 2000 1705 114
Mercedes | EClass 2100 1605 115
Volvo XC70 2000 1746 117
Ford B-Max 1600 1235 104
BMW 2 1600 1390 108
Opel Zafira 1600 1405 109
Mercedes | SLK 2500 1395 120




a2i2NHdzy o62edzidzyl o6F&€ftP 2t NF¥{ O06ANIFNIXolyPy |/
NEINBaez2ytl s FKYAYA RIFEKF R2E&ENMHz KIFfS ISGANYS
S1fS@SOAfANART @ t@dK2YURF AO0A OATAY AcAy &I LIk

Pandd I NJ Y2RNf N AceS F1d0FNPEtFNF¥] oFo6flyPND
import pandas

tFyRIFd Y2RNENZ O&ag R2&aélfl NPyP 21dzyt YPI I @S
verir.
df = pandas.read_csv("cars.csv")

| NRPYRIY o0 EPYAaPlI RSESNISNAY OANDI A 2YyPaNSqRI
oFrEPYEP RSESNISNIRS @ FRftP 0ANI RSEAGTISYS 12V
X = df[['Weight',Volume']]

y = df['C021]

TLIzOdzy . I E€PYaPi RSESNISNI ftAaGSaAyAr oNeN{| KIN

FREFYRPNXYEF] & &3Py RPN H{SVifSS NI dxt 20 R NN RESRA 50 |+
Y2RNfN RS AceS F140FNYIFYPI 3ISNB1SO0S|1 o
from sklearnimport linear_model

{1€tSFENY Y2RNENYyRSYy> R2ENHzAIf O0ANI NBINBaegzy vy
@1 YUSYAYA (dzf £yl Ol €EPI ® RS SYNS ByWRY ALJF NI ov1STIBA B
NEINBaez2y ySaySaayA AftAO1A@A OGFyPYflLely @SN
regr = linear_model.LinearRegression()

regr.fit(X, y)

I NIP]l O0ANI 202Y20AfAY | EPNI PEPYFEKPEBY KEDYS¥S R
bir regresyon nesnemiz var.

#predict the CO2 emission of a car where the weight is 2300kg, and the volume is %300cm
predictedCO2 = regr.predict([[23QEB00]])

mNYS1TY ¢NY | NYSEA el f POPN]ISY 3l NNy od

import pandas

from sklearnimport linear_model
df = pandas.read_csv("cars.csv")
X = dff['Weight';Volume]

y = df'CO21



regr =linear_model.LinearRegression()

regr.fit(X, y)

#predict the CO2 emission of a car where the weight is 2300kg, and the volume is %300cm
predictedCO2 = regr.prad([[2300,1300]])

print(predictedCO2)

Result: [107.2087328]

Mo fAGNBEA]l Y202N}Y @S wonn 13 FEPNIPEI al KA
MAT 3INIY /hu altl OFreP GFKYAY SRAfYAOGAND

YIGalrePy

YFEdalePY o0AfAyYSefyearAll ROTFA 6Byt BARI FY 1 K1 NB
mNYyS1Y E 6ANI RSEAS1SY AaSz 2 TLYlLYy HEZI EUAY
1Frdare@PRPNID

. dz RAzNHzYRI'X / hudeS {FINDP I EPNIPEPY @S [/ huUesS
1 f RPEPYPI OSGIRHDEINEVSNFOIYE FOYAANRR Y A | NI G PNIPNEA |
soyler.

MNYS1Y wSanNnBaezy ySaySairyry 1FdialeP RSESNI SN

import pandas

from sklearnimport linear_model

df = pandas.read_csv("cars.csv")

X = df[['Weight';Volume]

y = df['CO2

regr =linear_model.LinearRegression()
regr.fit(X, y)

print(regr.coef_)

Result: [0.00755095 0.00780526]

{2y dzee ' cePlf Il YIAPY

{2ydzee RATAAAZT | EPNI Pl DS KIOYAYy (FGalreP RSES
F'E€EPNI P1Y nodnntppndp

Hacim: 0.00780526

. dz RSESNI SNIIaANAITFSNEHE PMIHP S YM a8 Yy dzy dzy ndnnTppnc
Motor hacmi (Hacim) 1 cm3 artarsa CO2 emisyonu 0,00780526 g artar.

Bence bu adil bir tahmin, ama test edelim!



MonnOYo Y2(02NIdz 6ANJ FNIO6F Honnl3a | EPNI PEPYRI
zaSy GF KYAY SUYAOSGA] @
I EPNI PEP mMnnni13d AfS FNIGPNPNRFI] yS 2f dzNK

MNY S1Y myOS{A I NYySeAx (12LRItFIe&PYyZ FyOF]l I &PNI

import pandas

from sklearnimport linear_model

df = pandas.read_csv("cars.csv")

X = df[['Weight',Volume']]

y = df{CO2]

regr =linear_model.LinearRegression()
regr.fit(X, y)

predictedCO2 = regr.predict([[33QAB00]])
print(predictedCO2)

Result:

[114.75968007]

MZo fAGNBEA]l Y202Nr @S oonn 13 FEPNIPEI al KA
115gramCO® al t I OF EPYP (FKYAY SGYAOGA] @

.dzZ nonntppndp (FGalre@PAPYPYy R2ENHz 2f RdzE dzy dz 3
107.2087328 + (1000 * 0.00755095) = 114.75968



Olgeklendirme Ozellikleri:

SNAE SNAYAT FIFENJEP RSESNISNBE OSodlf/tUEHENPTIN]CEF
FNBPELFOGPNYE] T2N 2t F0AtAND aSGiNB AfS 11 NDBF
N1aS1tA]1K .dz a2NMzydzy OS@IoP | f®eS1tSYRANYSRA
RSESNISNB | f eS1tSeS06Af AN étiama bl seferth&ilsituku G 0 £ 2
cmomMmnnn €SNAYS mMon0 &@SNAYS fAGNB OAYyaAYyRSY R

@ — |+

Car Model Volume | Weight | CO2
Toyota Aygo 1 790 99
Mitsubishi| Space Star | 1.2 1160 |95
Skoda Citigo 1 929 95
Fiat 500 0.9 865 90
Mini Cooper 15 1140 | 105
VW Up! 1 929 105
Skoda Fabia 1.4 1109 |90
Mercedes | A-Class 15 1365 |92
Ford Fiesta 15 1112 |98
Audi Al 1.6 1150 |99
Hyundai | 120 1.1 980 99
Suzuki Swift 1.3 990 101
Ford Fiesta 1 1112 |99
Honda Civic 1.6 1252 | 94
Hundai 130 1.6 1326 | 97
Opel Astra 1.6 1330 |97
BMW 1 1.6 1365 |99
Mazda 3 2.2 1280 | 104
Skoda Rapid 1.6 1119 | 104
Ford Focus 2 1328 105
Ford Mondeo 1.6 1584 |94
Opel Insignia 2 1428 | 99
Mercedes | GClass 2.1 1365 |99
Skoda Octavia 1.6 1415 |99
Volvo S60 2 1415 |99
Mercedes | CLA 15 1465 | 102
Audi A4 2 1490 | 104
Audi A6 2 1725 | 114
Volvo V70 1.6 1523 | 109
BMW 5 2 1705 | 114
Mercedes | EClass 2.1 1605 | 115
Volvo XC70 2 1746 | 117




Ford B-Max 1.6 1235 | 104
BMW 2 1.6 1390 | 108
Opel Zafira 1.6 1405 | 109
Mercedes | SLK 2.5 1395 120

1.0 hacmini790 € PNI PEP At S 1 I NBPEFOGPNYEFE] T 2N 2f 6A
RSESNISNBE | feS1ftSYRANANBS]TZ 0ANI RSESNAY RAES
SNAESNR | feSTtSYRANNYS] Aceiy TFI2N] (PR | FSINSYIESS
|l yiSYy (dzZ £yl OF Pl o {GFYRIFENRAT Fde2y @&l yidSy
z=(xu)/s

I+

(¢4

TUyry @SyA RSESNI 2f RdzEdz @8SNRSZ E 2NA2AYIlIf RS
I EPNI P]1 &NGdzydzydz &@dzl I NPRIF NA THEINRPNNBSa A Y RSy ¢
ol &t S 2t |-0293.28)7 BRB.74 =011 hn

|+ OAY &aNldzydzydz &dzl F NPRF1A OSNA | NYSAAYRSY | f
51 8t8 2¢ FIBL)YUBNNY 6 M D1

I NIP]l ThPnUP mbjneRIiS-mPp tha & | B NPRY | § i PEND A f A NR
2 FNF1 @FLYIFIyPl 3ASNB1LYSI = téedkz2y &1fSIHNY Y2R
8l yiSYt SNIS 06ANI {OFLtSNI ySaySar RIYRNNBy {ily

mNY S1Y ! € PANNR Pdzy (OISNIPY ROIAIYA GNY RSESNI SNRA | f @S|

import pandas

from sklearnimport linear_model

from sklearn.preprocessingiport StandardScaler
scale = StandardScaler()

df = pandas.read_csv("carsl.csv")

X = df[[Weight';Volume]

scaledX = scale.fit_transfa(X)

print(scaledX)

wSadzA Y Tf]1 AlA RSESNAMYIVeBpd LE ft Rdzg dzoyNmP YA | |
[[-2.103892531.59336644]
[-0.554072351.07190106]
[-1.521662781.59336644]
[-1.789739791.85409913]
[-0.63784641:0.28970299]
[-1.521662781.59336644]
[-0.76769621:0.55043568]
[ 0.3046118-0.28970299]



[-0.7551301-0.28970299]
[-0.595959380.0289703 ]
[-1.308038921.33263375]
[-1.266151890.81116837]
[-0.7551301-1.59336644]
[-0.168711660.0289703 ]
[ 0.141252380.0289703 ]

[ 0.158007190.0289703 ]

[ 0.3046118-0.0289703 ]

[-0.05142797 1.53542584]
[-0.725809180.0289703 ]
[ 0.14962979 1.01396046]
[ 1.2219378-0.0289703 ]

[ 0.5685001 1.01396046]
[0.3046118 1.27469315]
[ 0.514046960.0289703 |

[ 0.51404696 1.01396046]
[ 0.723482120.28970299]
[0.8281997 1.01396046]
[ 1.81254495 1.01396046]
[ 0.966426910.0289703 |

[ 1.72877089 1.01396046]
[ 1.30990057 1.27469315]
[ 1.90050772 1.01396046]
[-0.23991961:0.0289703 ]
[ 0.409329380.0289703 |

[ 0.472159930.0289703 |

[0.4302729 2.31762392]]

/ hH 5SESNISNAYAY ¢l KYAY 9RAfYSaAy
I EPNI PEPYP @S KIOYAYA
aSGOA NI 386 11t (SERAK AYRISEZI VR

DI NE@> el tyPl Ol
0F KYAY SOGYS{GA®

gerekecektir.

mNYS1Y Honn 1Af23INIY

import pandas

from sklearnimport linear_model

+ S NA

I €EPNX PEPYRI A

from sklearn.preprocessingiport StandardScaler

scale = StandardScaler()

df = pandas.read_csv("carsl.csv")

X = dff['Weight';Volume"]

M2 O

OAf RAE

f A30NS



y = df['CO21

scaledX = scale.fit_transform(X)

regr = linear_model.LinearRegression()
regr.fit(scaledX, y)

scaled sscale.transform([[23001.3]])
predictedCO2 = regr.predict([scaled[0]])
print(predicedCO2)

Result: [107.2087328]

a2RSfAY 5SESNISYRANRE YSAAY

al 1TAYS mMENBYAYAYRSS | EPNIPEP @S Y2G2N) o2eédzid
GFrKYAY SGOGAEAYAT 1 yOS{A o061l ftNYRS 2t Rdz&dz IA0AZ
Y2RSt t SNdzNJ dad2iRIENHxEyY @ SGSNAY OS A@A 2fdzld 2 YI R
@l yaSyYy 1dz £ yPf PN

9eAldAY k ¢Sai

9€AlAY Kk ¢Sailixz Y2RStAY R2ENMzZ dz€dzydz | f eYS] Aa
FRf F YRPNIPEt PN eeNY{ N OSNEEANNBARNXFGAA { BT S@&BNJIo i
ISt AYAZ SEAGAY AcAyYy 2yn @S (GSald AcAy 232HnN

a2RSt SeAlGAY &aSGA (dA tlFyPEIFINI]1 SEAGAT AN ¢Sa
Y2RStEA 2ftdz00dzNXYIF 1 FyftlFYPYlF 3Sft ANMetmeRRSE A
FytFYPYylF 3StAN®D

mNYS1TY . AN OSNRA | NYSaAetsS @S ¢Said SaySy Aads
YEEFTFRIFETA mMnn YNOGSNREA @S 2yt NPy I PoJSNA

import numpy

import matplotlib.pyplotasplt
numpy.random.seed@

X = numpy.random.normal(3, 100)

y = numpy.random.normal(1580, 100) / x
plt.scatter(x, y)

plt.show()

Sonug:
S14SyAz aldPy FEfYlF @FLIIFERIY 1yO0S 3aSTAYYS &
S1aSyAsz aldPy FtYlF AofiBsihyS KINOFYlFyYy LI NI
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9eAldAYKkeSald 2ftFN¥r1 ol fyYSY
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2f Yl f PRPND

2>

train_x = x[:80]
train_y = y[:80]

test_x = x[80:]

test_y = y[80:]

9€EAUGAY {SGAYA DINNYGNtSyYSaay

9 €A (AfYS alS&EIWMP ARIF EPE PY 3ANI FAEAYRS 31 NNY iGNt Sy AN
Example:

plt.scatter(train_xtrain_y)

plt.show()

Result: It looks like the original data set, so it seems to be a fair selection.
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¢Sad {SGAYA DI AaGSNY ¢Sald aSaAayAy stsétinelder Sy FI N

0ANI 31T FdFOFePT @

Example:

plt.scatter(test_xtest_vy)

plt.show()

{2ydzeYy ¢Said aSdiA leyP T FYFYRI 2NA2AYIf GSNA
50 - Tt [ & *

9elAY @S (Sali OSNRAESNAYAY O0ANIA|TGS oAl AfYSaa

import numpy

import matplotlib.pyplot as plt
numpy.random.seed(2)

X = numpy.random.normal(3, 1, 100)

y = numpy.random.normal(150, 40, 100) / x

train_x = x[:80]
train_y = y[:80]
plt.scatter(train_x, train_y)

test x = x[:20]
test_y =y[:20]

plt.scatter(test_x, test_y)

plt.show()
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Veri Kiimesini Matematiksel Modele RylzNXzE Y I & PY

+SNA aSiA ySeS oSyl Ae2NK .SyO0S Sy dz3dzy 2fly
LI2fAy2Y NBINBaezy SENREAA @Al SEAYDP £SNAR y210al
Y2RNf NYNYy LX 2300 &1 yOGSYAYA 1dzf £ yYPNPI @

mNY S1 Y =+ SNXbirgdiron tedrdsyedPgizdtsi gjzilmesi.

import numpy
import matplotlib.pyplotasplt
numpy.random.seed(2)

X =numpy.random.normal(3L, 100)
y = humpy.random.normal(1580,100) / x

train_x = x[:80]
train_y = y[:80]

test x = x[80:]
test y =y[80:]

mymodel = numpy.polyld(numpy.polyfit(train_x, train4)),
myline = numpy.linspace(6, 100)

plt.scatter(train_x, train_y)

plt.plot(myline, mymodel(myline))

plt.show()
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{2y dzeez OSNR {NYSaAaAYyAYy RPOPYRI{A RSauSIHI SNA (I
verecek olsa da, bir polinom regresyonuna uyan veri kiimesi énerimi destekleyebilir. Ornek:

aFrGPNE YFEFITIFREFE ¢ RFE{A]lF 3SeANBY O0ANI YNOGSNR
I AGSNANX . dz YdzZKGSYSE Sy T 1kaS dzdRUANNKE yRgzl ¥ R N
GSNRA aSGAYAY Y2RStES yS 1FRINJAGA dz2 RdzE dzydzy A

R
Rkare olarak da bilinen’® @ A Kl § PNX P& 2 NJ YdzadzydzZ K - S1&SyaA
S n AfS M FNIAPYRI RSEAGSIAMNI] BUMNI IRVt NEPWIE ADS

21t SFNY Y2RNENYRS o0dz AfASIAGA odzZ YFEYPI I &F NR
. dz RdzNHzYRE YNSGSNAYAY YEEFTFRE 1+FfRPEP RETAL
ATABLTARA | feeYS] AadA@2NUd o

mNY S1 Y 9 8hiripdiinom @&esJonusa ne kadar uyuyor?
import numpy
from sklearn.metricsmport r2_score

numpy.random.seed(2)

X = humpy.random.normal(3,, 100)
y = humpy.random.normal(15@0, 100) / x

train_x = x[:80]
train_y = y[:80]

test x = x[80:]
test_y =y[80:]



mymodel = numpy.polyld(numpy.polyfit(train_x, train 4y)
r2 = r2_score(train_y, mymodel(train_x))
print(r2)

b20Y notdpd a2y dzOdzs 6ANI 2t dzvtdz Af A6l A 2 RdzE dzy
Test Setini getirilmesi:

AYRAZ Sy T PYRIY SeAlGAll YISWAZ SINKR @A NI Y2R %44 d
ey P a2y dzOdz @SNALI FGSNY¥YSRAEAYA Il N¥S] Acwiy Y2
mNYS1Y ¢Said OSNRESNRAYA (dzZflyPN]lSYy wH Llz yPYy
import numpy
from sklearn.metricsmportr2_score

numpy.random.seed(2)

X = numpy.random.normal(3, 100)
y = numpy.random.normal(1580, 100) / x

train_x = x[:80]
train_y = y[:80]

test_x = x[80:]
test_y =y[80:]

mymodel = numpy.polyld(numpy.polyfit(train_x, train4y),
r2 = r2_score(test_y, mymodel(test_x))

print(r2)
N2GY noyndg az2ydz0dzz Y2RStAy (Sad {NYSaiyS RS
RSESNI SNA (FKYAY SGYS] AocAy (dzZ fFyloAf SOSEARY



¢ KYAY 5SESNI SNAY

I NIP]l Y2RSEAYATAY GFYLFY 2ftRdzEdzydz 6Sf ANI SRAEA
oFofl&roAt ANRIT &

mNYyS1Y {FGPy Ittty O0AN)I YNOGSNAXEZ RN]{1lFYRI p RI

print(mymodel(5))

mNYyS1 6SYIF&F 1FINbBPtP|l ISEtRAEA TAOAZI YNOGSNR
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3.1.3. Polynomial Regression
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Graph fory = X3



Graph with more than one polynomialg:= X3+X2+X

Below is the formula for polynomial regression:

Y= by+ byX+ bX*+ ...+ b, X"

Where,
Y = output
X = input feature

by, by, b, = coefficients

o = (x%0) (x5

. dzl F NPRIF1{A RSyYyl1fSYRSY

LI NI} YSGNBTE S

‘Y 2ydz Sy AéAr GlyPYflLély KALRGSI
Y KSNJINYySeEAYy 3TANRS | 1StftAEA RSESNRAOD
.Y I SNI I NYySeEAY @®P|lUP RSESNAO®
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6 ANJ NEBINEBaA

duz bir ¢izgi), polinom regresyon i¢in ideal olabilir. Polinom regresyon, lineer regresyon gibi,

BSNRA y210f eNPYBYY¥Y oSN kedkAa2f dzydz 6dzf YI ]
1dzf £ |y PN
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yontemlere sahiptir. Matematik formulii Gizerinden gitmek yerine bu yorfteBINRA Yy I & P f

1dzf €t Lyl OFEPYPI P 31 aG6SNBOSEAT o

1F@RSGGOGATL @
ANYNY

mNy S Y

import matplotlib.pyplotasplt

A1 1 Gt SNA YA

. AN FRAF EEAP f oBAYT S NB |

gS @

x=[1,2,3,5,6,7,8,9,10,12,13,14,15,16,18,19,21,22]
y =[100,90,80,60,60,55,60,65,70,70,75,76,78,79,90,99,99,100]

plt.scatter(x, y)
plt.show()

Result:
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Example: Numpy ve matplotlibiite] G I NPy = | NRPYRIY t2fAy2Y wS3

import numpy

import matplotlib.pyplotasplt
x=[1,2,3,5,6,7,8,9,10,12,13,14,15,16,18,19,21,22]

y =[100,90,80,60,60,55,60,65,70,70,75,76,78,79,90,99,99,100]
mymodel snumpy.polyld(numpy.polyfit(x, 8))

myline = numpy.linspace(22,100)

plt.scatter(x, y)

plt.plot(myline, mymodel(myline))

plt.show()
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MNY SEAY I ePlflYyYIlI AP

TKGARFI OPYPI 2fly Y2RNffSNA AeS F10F NPt PN®
import numpy

import matplotlib.pyplotasplt

E S & S1aSyAyAy RSSIHNRE SNIgOAL diNSIaf daNy SRSy RA T
x =[1,2,3,5,6,7,8,9,10,12,13,14,15,16,18,19,21,22]

y =[100,90,80,60,60,55,60,65,70,70,75,76,78,79,90,99,99,100]

bdzYt @ O0ANI LIR2fAYy2Y Y2RStA &FLIIFYPIP alctlely
mymodel =numpy.polyld(numpy.polyfit(x, YB))

I NRP¥RUOUPNPY yIFaPt 3II NNYSOSEAYA O0STtANIALANE W™
bitirilirsin:
myline = numpy.linspace(22, 100)



hNA2AYlf RFEEPEPY ANI FAEAYA Al Af ANY
plt.scatter(x, y)

Polinom regresyon cizgisini cizdirilir:
plt.plot(myline, mymodel(myling

5A@F3INIYP 3II NNYGNf Sy ANy
plt.show()

@3S & S1aSyA RSESNISNR FNIAPYRIFITA AfAO1AYAY
@21al LREtAY2Y NBINBaez2ydz KA®ANI 6S@8A Gl KYAY
TEADRANE NRP OSNAESY 0ANI RSESNIS | f eNf NN
-1 NBE RSESNR n AfS M FINFraPyRIFRPNE o6dz2Ny RF n K
gelir.

ted K2y @S {1ftSINY Y2RNf{N 06dz RSESNR &ATAY A A
ve y dizileriyle beslemek:
Ornek: Verilerim bir polinom regresgyuna ne kadar uyuyor?

import numpy

from sklearn.metricémport r2_score

x =[1,2,3,5,6,7,8,9,10,12,13,14,15,16,18,19,21,22]

y =[100,90,80,60,60,55,60,65,70,70,75,76,78,79,90,99,99,100]

mymodel snumpy.polyld(numpy.polyfit(x, 8))

print(r2_score(y, myadel(x)))
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I NP1 38t SOS1TUS1TA RSESNI SN kuilnhaKilYiA ¢rnek: $aaS 1 A ceA
MT ®nn OAGFNPYRF IAOSRSY 3IS®SYy O0ANIINIOIFYPY K
AeAy> @dzl I NPRFE{A I NYyS{TGS1TA FteyP YeY2RSt RATA
mymodel = numpy.polyld(numpy.polyfit(x3y)

Ornek: Saat 17:00de gecénA NJ | NI 6 Yy Py KPI PYP (Gl KYAY SRAYyO®
import numpy

from sklearn.metricsmport r2_score

x =[1,2,3,5,6,7,8,9,10,12,13,14,15,16,18,19,21,22]

y =[100,90,80,60,60,55,60,65,70,70,75,76,78,79,90,99,99,100]



mymodel snumpy.polyld(numpy.polyfit(x, 8))
speed = mymael(17)
print(speed)
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import numpy

import matplotlib.pyplotasplt

x =[89,43,36,36,95,10,66,34,38,20,26,29,48,64,6,5,36,66,72,40]
y =[21,46,3,35,67,95,53,72,58,10,26,34,90,33,38,20,56,2,47,15]
mymodel =numpy.polyld(numpy.polyfit(x, 8))

myline = numpy.linspace(25, 100)

plt.scatter(x, y)

plt.plot(myline, mymodel(myline))

plt.show()

Result:
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import numpy

from sklearn.metricsmport r2_score

x =[89,4336,36,95,10,66,34,38,20,26,29,48,64,6,5,36,66,72,40]
y =[21,46,3,35,67,95,53,72,58,10,26,34,90,33,38,20,56,2,47,15]
mymodel snumpy.polyld(numpy.polyfit(x, 8))

print(r2_score(y, mymodel(x)))
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3.1.4. Hypothesis Function for Polynomial Regression
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Step by step implementation:

a. Import the requiredibraries:

b. Generate the data points/Ve are going to generate a dataset for implementing our
polynomial regression.

c. Initialize x,x?,x3 vector§Ve are taking the maximum power of x as 3. So our X matrix will
have X, X2, X3.

d. Columnl of X matrix;The 1st column of the main matrix X will always be 1 because it
holds the coefficient of beta_O.

e. Form the complete x matrikoook at the matrix X at the start of this implementation. We
are going to create it by appending vectors.

f. Transpose of the mak:

We are going to calculate the value of theta stepstep. First, we need to find the
transpose of the matrix.

g. Matrix multiplicationAfter finding the transpose, we need to multiply it with the original
matrix. Keep in mind that we are going toplament it with a normal equation, so we have
to follow its rules.

h. The inverse of a matrix:

i. Matrix multiplication:Finding the multiplication of transposed X and the Y vector and
storing it in the temp2 variable.

j. Coefficient valuesto find the cefficient values, we need to multiply templ and temp2.

k. Store the coefficients in variablestoring those coefficient values in different variables.

l. Plot the data with curve:

m. Prediction functionNow we are going to predict the output using thegression curve.

n. Error functionCalculate the error using mean squared error function.

0. Calculate the error:



3.1.5. Ussel Regrasyon
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The formula for exponential regression is as follow:

Y=a+ bxcX

W here,

Y = output

X = input feature
a = shift value

b = y —intercpet

¢ = base



Y2NBt | a82y<rktlial 8 PAPY
r=-1: kuvvetlinegatif

NI nYy TFe&P¥

r=+1: kuvvetli positif

linear, y=mx + a

Ussel, y=¢
dy/dx = éT' & SEAYI TF2ylaArézydzyy 1SyRA&AAYS SoAiis
 Nl1&aStAez2N® t2T AGAT &8NlaStAe2N» E oN&NRN]OS

y=a+ bt

Stepby step implementation:

a. Import the required libraries:

b. Insert the data points:

c. Implement the exponential function algorithm:

d. Apply optimal parameters and covariance:

e. Plot the dataPlotting the data with the coefficients found.
f. Check theaccuracy of the model:



3.1.6. Sinusoidal Regression
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Some reallife examples of sinusoidal regression:

Mm® aNiT A1l RFEf3IFEfI NPYPYy 2fdz (dzNUzA YI aP®

2. Ses, dalgalar halinde hareket eder.

od | FLIPEFNRFI GNARAI2Yy2YSONR] F2ylarez2yftl N
4. Uzaydzoedzd £ F NPY Rl {1 dzf £ | yPf PN

pe® Dt{ 12ydzy KS&l LX I YIfFNP®

6. Mimari.

T® 9t STGNR] FT1PYPOD

yd® wlkRé2 &lFI&PYyPod

9. Okyanusun algak ve yuksek gelgitler.

10. Binalar.
Y =Ax*sin(B(X+C))+ D
Where,
A = amplitude

Period = 2+*pi/B
Period = lengthof one cycle
C = phase shift (In radian)

D = vertical shift



Step by step implementation:

a. Generating the dataset

b. Applying a sine function

c. Why does ainusoidal regression perform better than linear regression?

If we check the accuracy of the model after fitting our data with a straight line, we can see

that the accuracy in prediction is less than that of sine wave regression. That is why we use
sinusoidal regression.

3.1.7. Logarithmic Regression
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Graph for a logarithmic regression

Some realife examples of logarithmic growth:
1. The magnitude of earthquakes.

The intensity of sound.

The acidity of a solution.

The pH level of solutions.

Yields of chemeal reactions.

Production of goods.

Growth of infants.

No g~ wN

Sometimes we have data that grows exponentially in the statement, but after a certain
point, it goes flat. In such a case, we can use a logarithmic regression.



Y =a+b+ln(X)

Where,

Y = output

X = input feature

a = the line/curve always passes through (1, a)

b = controls the rate of growth or decay

Step by step implementation:

a. Impat required libraries:

b. Generating the dataset:

c. The first column of our matrix X :

d. Reshaping X:

e. Going with the Normal Equation formula:
f. Forming the main matrix X:

g. Finding the transpose matrix:

h. Performing matrix multiplication:

i. Finding the inverse:

j. Matrix multiplication:

k. Finding the coefficient values:

I. Plot the data with the regression curve:
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Lojistik regresyon neden 6nemlidir?
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Lojistik regresyon fonksiyonu
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Logistic Function
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Ornek: Logistic Regression
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How does it work?
In Python we have modules that will do the work for us. Start by importing the NumPy
module.

import numpy

Store the independent variables in X.

Store the dependent variable in y.

Below isa sample dataset:

#X represents the size of a tumor in centimeters.

X =
numpy.array([3.782.44,2.09,0.14,1.72,1.65,4.92,4.37,4.96,4.52,3.69,5.88]).reshape(
1,1)

#Note: X has to be reshaped into a column from a row for the LogisticRegre$sianign
to work.



#y represents whether or not the tumor is cancerous (0 for "No", 1 for "Yes").
y = numpy.array([09,0,0,0,0,1,1,1,1,1,1])

We will use a method from the sklearn module, so we will have to import that module as
well:

from sklearnimport linear_model

From the sklearn module we will use the LogisticRegression() method to create a logistic
regression object.

This object has a method call&t() that takes the independent and dependent values as
parameters and fills theegression object with data that describes the relationship:

logr = linear_model.LogisticRegression()

logr.fit(X,y)

Now we have a logistic regression object that is ready to whether a tumor is cancerous
based on the tumor size:

#predict if tumor is canceus where the size is 3.46mm:

predicted = logr.predict(numpy.array([3.46]).reshafel))

Example

See the whole example in action:

import numpy

from sklearnimport linear_model

#Reshaped for Logistic function.

X =
numpy.array([3.782.44,2.09,0.14,1.72,1.65,4.92,4.37,4.96,4.52,3.69,5.88]).reshape(
1,1)

y = numpy.array([00,0,0,0,0,1,1,1,1,1, 1))

logr = linear_model.LogisticRegression()
logr.fit(X,y)

#predict if tumor is cancerous where the size is 3.46mm:
predicted = logr.predict(nunyparray([3.46]).reshapel,1))
print(predicted)

Result [0]
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#X represents the size of a tumor in centimeters.

X=
numpy.array([3.782.44,2.09,0.14,1.72,1.65,4.92,4.37,4.96,4.52,3.69,5.88]).reshape(
1,1)

#Note: X has to be reshaped into a column from a row for the LogisticRegression() function
to work.

#y represents whether or not the tumor is cancer@or "No", 1 for "Yes").

y = numpy.array([09,0,0,0,0,1,1,1,1,1,1])
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gerekecek.
from sklearnimport linear_model

Sklearn modiiliinden bir lojistik regresyon nesre$i dzo G dzNX I { A Ay [ 23A &0 A
8l YUGSYAYA 1dzZ fFylFOFIEPI @ .dz ySaySyAysS o6l EPYAT
NEINBaez2y ySaySaiAyA AfAO01A@A GFyPYflL&ly @SNA
logr = linear_model.LogisticRegresxj)

logr.fit(X,y)
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#predict if tumor is cancerous where the size is 3.46mm:
predicted = logr.predict(humpy.array([3.46]).reshape))
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import numpy
from sklearnimport linear_model

#Reshaped for Logistic function.

X =
numpy.array([3.782.44,2.09,0.14,1.72,1.65,4.92,4.37,4.96,4.52,3.69,5.88]).reshape(
1,1)

y = numpy.array([(9,0,0,0,0,1,1,1,1,1,1])

logr = linear_model.LogisticRegression()
logr.fit(X,y)

#predict if tumor is cancerous where the size is 3.46mm:
predicted = logr.predict(humpy.array([3.46]).reshapel))
print(predicted)

Sonug: 4.03541657
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deflogit2prob(logr,x):
log_odds = logr.coef * x + logr.intercept__
odds = numpy.exp(log_odds)
probability = odds / (+ odds)
return(probability)
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log_odds = logr.coef * x + logr.intercept__
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odds = numpy.exp(log_odds)
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probability = odds / (* odds)
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import numpy
from sklearnimport linear_model
X =

numpy.array([3.782.44,2.09,0.14,1.72,1.65,4.92,4.37,4.96,4.52,3.69,5.88]).reshape(

1,1)

y = numpy.array([(9,0,0,0,0,1,1,1,1,1,1])
logr = linear_model.LogisticRegression()
logr.fit(X,y)

deflogit2prob(logr, X):
log_odds = logr.coef * X + logr.intercept_
odds = numpy.exp(log_odds)
probability = odds / (* odds)
return(probability)

print(logit2prob(logr X))

Sonug:
[[0.60749955]
[0.19268876]
[0.12775886]
[0.00955221]
[0.08038616]
[0.07345637]
[0.88362743]
[0.77901378]
[0.88924409]
[0.81293497]
[0.57719129]
[0.96664243]]
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Lojistik Regresyon (Logistic Regression)

Destek Vektér Makineleri (Support Vector Machines)
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Ornek:

X ={a,a,a,b,b,b,b,b} kiimesi icin
Toplam drnek: 8

b: 5 6rnekleri

a: 3'Un ornekleri

EntropyH(X) = — [(2) log22 + (2) log23]
= -[©.375 * (-1.415) + ©.625 * (-0.678)]
-(-9.53-0.424)

= 0.954
0@ wQic OQ 8i
0 € Q¢ 0 € Qi
& %0 & Q0

AT AA YETFYPYPYP YdzA € FYyFNF]1 YEFENIFNI ! EFOP hf dzo
Gereklilikler:

T YI'T RNENYES AftAO1AfAYRBMNIY SEAGAY | NYyS1tSNR

T 1 SNIO6ANI RNENYNY KFEy3IA I TYyAGSEtATES (NI Siif

T b20Y 1 AoANI 11 14GSY @IFLINIeEl &2tz [28yP | &NF
T 1SN Ffd0 2l @RI RIERBR®YIPFEI YRPNPELFOI]1 SEANG]
BAYSESYStA I@f I NI 1 2f dzo i dzNHz

{ PYPNIJ @F 1t NPY
T ¢NY LRTAGAT @Setr GNY yS3ardAF SeAldAY | NyS
@gSel aKIlF&@PNbr. 2f F N1 SGAai1sSats
T 1 AeANI I TYyAGSEt A NHEYIYT a3EA A YRNNFBR £ SNA y
etiketlenir.
T mNYyS{ (FfYlIRPealx SoS@SeyAy SmAldAY | NySjift
Ornek:

AYRA O0FEPRF{A GSNARESNI AceAy . Af3IA (+FTFYPYPY
9eAlAY aSGAY o I1TSttA]l] @S W aPyPT

X Y Z C

1 1 1 |

1 1 0 |

0 0 1 I

1 0 0 I



CdzNF RE o 1T StverA Pt @S At ePY PR PYPY PEA € FyENI | 04
bir 6zelll | vie Pey iJozellik icinbilgi F T+ y OP .KS&F LI F vy PNJ

L50 !'f32NAGYI AP

Sadece kategorik veriitel f Paly OARBNEAVSSYRARRYWdzy Af]1 I RPYT
FAG aPYyPF OAfIATSNAYA GBHEKPelay yd$ | dIi SNy A3y DR
OF EPYEP SYUNRLIAESNR KSal LI Fyl NI AfdeeldeRPYRI

SRAtSY RSESNI Af3IAf A |1 St Enibliyukk&zandd ddipyvBellik- A G
@ST01I NN F€FOPYy 2 A0SNIaez2yRI o0StANISySy RIFff

Ornek:
H I TStftA]l OSTGI NN o0+xm @S +HO Af Serifistal®y PT @S
Ff3I2NRGYFaP A€tS Af]1 RFEfTEFYYlF KFy3aAax 1T SEtA] N
i H(S)H(V1,S)
i H(S)H(V2,S)
Vi V2 S
A | C|E
B C|F
B D | E
B | D|F

Sinif Entropisi

H(.S‘):—[llog,£+110g«.i¥::1
27T Ty

V1 Entropisi

1 3
H(V)=—H(4)+=H(B
(}4()4()

:lo‘i|'£102?1—3109,3" =0+20.9183 = 0.6887
4 413 "3 3 “°3) 4

3)

V2 Entropisi
H(Vz):%H(C)—éH(DJ:%—%:1 V1 segilir...

/I ndp ! fA2NAGYI &P

L50 FEf3I2NRGYFaAaPYyPy yNYSNR] |1 SftfA]
nimerik ozelliklerin kategdr{ KIFtS 3ISGANAE SOoAf YSAA
AeSNYSAARANY ¢SYSt YIFIyGaPl yNYSNR] |1
2N EFYEFEEFENP SaAl 2ftFNF¥1 RSYSYAND ||
Secilgy SaArAesS 3IINB I1TSttA] OST4GI NN {IdGS3



Ornek:

Kredilendirmedea a N1 SYYSf ¢ 3 aTeéAé¢ @S aYl GNé RSESNI S
¢2LX Y mn 3IITESY GFENW .dzyf I NRIFIY TUEA b2N)I§
{ PYPFPYl FTAGGAN® I yA (1SYRA o0lFoPyl So6Ald o6AN
| TSEtEAEA AocAy aN]1SYYSE RSESNAYS &l KALI n 31T
YNBRA b20dz AceAy KSRST RSEAidebifyof AKY&h gotu yeih & Pt 0 |
GaN]1SYYSté¢ RSESNAR [fly 3JITESYESNI AceAy b2NXI

{ 2 NHzYf dzf dzl AaPYPFPYy Il A élﬁaé()é M FRSG 3ITESY
RSESNI SNR Aewiy RS 06S71ftSyYSRungbilirRdzNHzY GF 6t 2 a dzy

o ————————— e e e e e e e +

| Credit Rating | Liability I

+ e e T +

I | Normal | High | Total |

fmmmmmmmmm——— e pmmmmmm e e fmm————- +

|  Excellent | 3 1 1 4 |

$mmmmmmccccccna- $mmmmmmma- $mm———- pmmmm——— +

I Good | - I 2 1 6 |

rfe o o e oo o o o oo o o o +

I Poor | 0 I 4 | 4 I

$ommmmccccceaaaa e o mm—— $omm———- +

I Total | 7 | 7 | 14 |

e e $mm—- e +

Ldz I NYS1 AceAysr 681t SYYSRA N Rdz8yeY NE LA & 2 § dzy 425
hesaplamak icin kullaat& 38 F NRPYRFY |1 8tfA1= 1 NBRA y2idz
R S € A dent®pish hesaplaaca. Bu, "Kredi Notu"nun hedd® S € A ®"YRiMKiluk" icin

yS 1FRFNJ 81 OAfn@@aPYEEYERPAPEP I RE DI LIOF

E( Liability) 1 Ui 71 i
I(IIIT\ =— — —10 A—
14 2414 ) 14 22

1] I 1] I
= — —log.| —|——l0O —
I CY e P

ST FRiSEYAIONPSLYMA A S Gb2NXIf¢ @S a,N1asSié¢ aPy
SyAeftS YIF{aAYdy RNISYyaritAalGs MURANID . AN
AtSy KSRST RSE€EAG1SY , NINYENEtN{TUNYy SyidNPRLIA
siNBorumluluk entropisi hesaplacck S KSNJ 6 ANJ RSESNRS a2 ydzxc



2N} YPYPY I €PNI PratdkPbunrNdklbetektind alPS R1Sdzt t I §PNI P f F
kulafFRPE PX o0dzydz { I NI NJ PE RBEWPHIR I B €y $ WIPYRS O & INX

3 3 1 l
E( Liability | CR = Excellent) = — —log,|— |- —log,|— | ~ 0.811
4 “\4 4 -\ 4
4 4 2 2
E( Liability | CR = Good) = = —log,|— | = —log,|— | =~ 0.918
6 “\6 6 “\6
4 4
E( Liability | CR = Poor) = — 0Olog,(0) - Ilogg 4l 0
Weighted Average:

- 6 -
E( Liability | CR) =—x0.811 + — x0.918 +—_><0 = 0.625

14 14 14
e e e T e +
| Credit Rating | Liability |
+ e e D e L LS L DL Bl L +
| | Normal | High | Total |
fmmmmmmmmmm——m o fmmmmmm——m dmm———— fmm————- +
| Excellent | 3 I 1 | 4 |
T T ittt et +
| Good I 4 [ 2 1 6 |
o oo o e o e e o o o o o o o oo o e o +
| Poor I @ | 4 | 4 |
Fommm e Fomm—————- - $-——————- +
| Total I 7 | 7 1 14 |
e e e e m = f==mm=- - +

Kredi Derecelendirmd 1T St f A €A @S NR fich yentrépSdkds HildiR SE NG PEY o d
I TStEAEAY YyS (FRIFENI 0Af3IAfSYRANROA 2 f RdzE dzy dz
YIT I yOB YR S.EPRBENI

Inf ormation Gain:

IG( Liability, CR) = E( Liability) — E( Liability | CR)

=1-0.625 =0.375



Y NB RA b2Gdzydz o0AfYS]I KSWREFAdARBSEASGIBYRTRTERI {32
FTFEaGYFYPI I @FNRPYOP 2t RdzH Teéia O6ANI |1 StfAc€
RSEASISYAYAT KIT11PYRIF 06ATS o0Af3IA OGSNAN YAEA
ol t NYYSRS KSRST RSEABOIPEYR OEKYRYPSIVSEGgREI

[ Y'Y RdzZNRdzN} OF EPYP o0StANISYS] AeAy RNENYT
0StEANI SYS]T AcAy SYOiGNRBLA @S o0Aft3aA 11 1T+FHyOPY®P
derinlik gibi hiper parametrelere ek olafak

Gini yontemi

al1{AyS 1 ENBYYSaA (FNIN FEFITOP Ff3A2NRGYI APYR
odzyf I NRI'y O0ANARS SEAGAYRS DLbL &l YyidSYARAND
DAYA &1 yiSYA T2NNMPNynPdz £ FyYPNY DAYA ' M

. dzNI RF Yy I NYyS] &l edPaPI a4 ePER@RPMDANGPRRIZY R 2
ocQdz 1F80SRAfYAO A&S DAYA AYRS1&aAyA KSal L} | &
Gini= 1(4/40)"2-(36/40)"2=11/100-81/100=18/100=0.18

L 2NHZYY My QY AY O0ANI @1 YyS s2yHQYAY A&S RAESNI &l

mNYSTY YIFININI!EIOP

AN 1AoBaf) PRARBRAGYY O0ANI T F NI NIl &2ydzoef | yPLI
OANI 1 FNINJ I EFOP 2f dzd GG dzZNRdzE dzYdzdh o6 ANJ | Ny SeAr ¢
2fdz0Yl 1GF RPN mcUYaP airaftAiAySy aPyPFLFIT RAESNI
G. 9ehe ar pnYé @Se&l abpnYé -BSANebRBESNHYTWOR

G5TFOwé 2fYF1 NISNB AlA ITSttAEAYAT QNP 9y
1TFNIN FEFOP FEA2NAGYIl AaPYPY KIEIy3IAaTBIyAGBSyA K&Kk
FILT € oAft3IA &l €t RPEPYl @Seél KSRST RSEAO0]1SY
FTFEAGPEPYIl yI &Pt 1 FNIN SSNBOSEAYA 3Tl aGSNBOS



Entire population (30 instances)

pl ® )=16/30=053
pley ) =14/30=047

Balance < 50K Balance = 50K

pl®)=12/13=092 pl®)=4/17=024
pler)=113=008 pler ) =13/17=0.76

Ozellik 1: Denge

b21aGFfFNE aPYPF KFE11P 2ty GSINKI yRYIIGNYN NIPIRPN
RSy3aSaAayS oltyYS]y o6A1 S u Fftd RNENY OSNANWD {2
I TESY AfS G2L)X 1Y 3IITESYESNAY MoUNYN @S &Py
2f APt P1LO A1 TESYA |f PNoOokjuh® RMENYR{ &APEPYORE
nKMT o0ndun 2fl &aPftPl0 AfS G2LX LY 31 TESYAY wmT U

'yl RNENYNY SyYyGNBLAAAYA KSalLiXlelrtPYy @S 58
OSEANBATEAEA FTIE0dFI0Af SOSEAYA Il NBEAYOD



16 16 14 14
- —log - log,| — | =~ 0.99
“\ 30

E( Parent) =
30 A 30 30

12 12 1 1
E( Balance < 50K) = — —log,| — | — —log,| — | = 0.39
13 15 {13

4 4 13 13
E( Balance > 50K) = — —log, - log,|—| ~0.79
17 A\ 17 11 Y

Weighted Average of entropy for each node:

i 13 17
E( Balance) = —x0.39 + —x0.79
30 30
= (.62

Inf ormation Gain:

IG ( Parent, Balance) = E( Parent) — E( Balance)
=0.99 — 0.62

= 0.37

mi StfAES I NBKSRSTY SRS €ns09ySHSEY AT NI SNRAYRS n oo
el N ' 8y P 6S@A ylI aPKonigl NB Bff f R ERNRRAFY B | LI NN

Ozellik 2: Konut



Entire population (30 instances)

Residence = OTHER

o -

pl®)=7/8=058 pPe)=d/10=04 pl®)=512=042
pley)=18=012 pior)=6/10=06 plor)=712=058

€ OP wWSaARSYyOSUilr ol f 0

2t aPEtPlO 31TESY AfS by T£tSYESNAY yUA,
I TESY FEPNX® hNIF Ffd RNENYEISNE &aArAftAySy ap
ckmnonzc 2fFaPtPl0o 3IITESY & IS (i 2R & NY 3 | & A £SWS
pPKMH 6 nédnu 2t aPtPlo 3I1TESY @S artiayyvySeSy 3
MHYEAAYA PN 'yl RNENYNY SyiNRLAAAYA T3Sy
hesaplamak igin bélmeden sonrakiehttJA @ A KS &l LI F YI YPI @SGSNIARA

AT S o | f3Gd.88RNENY
3|

7 7 1 |
E( Residence = OWN) = — —log,| — | — —log,|—| ~0.54
8 gz[s] 8 g~[s)
4 4 6 6
E( Residence = RENT ) = — —log,| — | - —log,| — | =~ 0.97
10 "\ 10 10 "\ 10
E( Resid OTHER) 51 (SJ 7l (7) 0.98
esidence = = — —10¢g - —10g — ~ U,
2 1 2 A1

Weighted Average of entropies f or each node:

) 8 10 12
E( Residence) =— x 0.54 + —x0.97 + —x 0.98 = 0.86
30 30 30



Weighted Average of entropies f or each node:

_ 8 ~ 10 12
E( Residence) =— x 0.54 + —x0.97 + —x0.98 = (.86
30 30 30

Inf ormation Gain:

IG( Parent, Residence) = E( Parent) — E( Residence)
= 0.99 — 0.86
=0.13

Dengel T St f AEAYRSY IdDrulay elde &dileh hilgideh neledeyReFkEt daha
FITEFH DSNA RI YNL I NnFRARS SNt MyASNY 3 TG RIN ENSRY
RNENYEf SNARYRSY RI gkebildsiniF Bumbunidbigki NikaNey iBin en soldaki
RNENY RS w21 alFFadPNE FyOll FEPNIPIEP 2NII Y
al¥ 2fYFaPyl NIXeyYSyz G2LX 1Y 31 1TtSYESNRAY Sy
bolmeden toplamSy G NP LA @A KS&Il LX I RPEPYPI Rl &1 Ff PEPYF
.dz | YSYEARANI eeNy 1N 6ANI I T SttftAEAY 3ISySt o6Af 3,
YIERANI 60ANI RSESNI GF N FPYRIY el NLIPGPE Y APYP Aa

YSYRA o0l oPYyl KSREFYRSERADBISYAYAI KIF {1 PYRF Y2V,
| SRST RSE€AO01SYAYAT RS RIKIF FIFTtF RNTSyaalfac
1dzf € FyFNF{ GOSNAESNAYAT RS Af]1 ol ftyvySeAxr el LIYI]
FEFOP HAB2NBAENI A2y NI {A KFEy3IA 11 SttAeEr o1 SO
ANNBOA (dzt £+ ylFOF1GPN®» DSNeS] RNyel aSyl NE2:
At 3AE SYRANAROA 11 SttA1 NISNARAYRS &l LIPHgPNI @S |
FTFyOPYPY &SyARSYy KSalLXlFyYlFIaP 3ISNB]1ANE N
BYP 2tYIFTd ITSttA]l {SYRA o0FOoPYld® 9YGINRLIA @S
FTEF o1 ftYS @l LIPtRPlLUGIY a2y NDSKSWI G VPYLE PR
SNAYytAES dA oLyl &F RI KA oed AN S1 ‘IfNyYS
St ANI SYySoAftSy o6StANIA O0ANI SOAEAY | YR F
RSNAYfSOGA1 S &S RSNAYyf SOGA]l S o6dz A6 t A é1
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A
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Example: Decision TreeClassification

Predictors Target
Decision Tree
Outlook Temp  Humidity Windy Play Golf
Ralny Hot High Falcs Hao
Falny Hat High Trus Hao . [ | . 1
Oweroast Hot High Falke L[ 5 ] [ [ Rainy
Eunny Mud High Falcs or

Bunny Coal Mormal Falcs o ) l .

Eunny Cool Mormal Trus Mo

Overcast coad Hoamal Trus VB # Yes

Ralny M Highi Fales Mo

Ralny Cool Moemal Falcs oo i 3 9
Bunny Mid Hormal Fales oE FALSE TRUE High MNormal
Ralny M Hoamial Trus THE

Ovaroact Mg High Trus TBE

Ovemast Hat Moamal Faike TBE Yes Mo No Yes
Sunny M Highi Trus MO

AN UFNIFNI FEFOPE 0ANI 111 RNENYRSYy @&dzl I NPRIEY
al KAL) 6K2Y22Sy0 | NYyS{1ftSNJ AceSNBY |fd 1NYSESN
K2Y22SYf AEANBRAKSSYOUINRYIREA (1 dzZf £ gRNOF mRYBaPUT
AasS 2ftYYlF 2flFaPftPEP APFPNRPNI ¢ NYse énfrdpia P1 € | N
APFPNRPNI @S | NyS1 SoAdG 2ftFNX1 ol ftNyYyYNoaS Syi

Entropy

Entropy =-0.5 log,0.5-0.5log,0.5=1
y=Log2(x)Eog10(x0.3
Log102)=0.3, Log10(3)=0.477, Log10(5)=0.7, Log10(7)=0.845

AN {FNIN FEFOP 2t dz0GdzNYI 1 AeAy | O6FEPRITA
KSal LJX I YFYPT 3ISNB]ANY



a). ANJ I TSttAEAY aPltP] Glot2adzydz (dftlyly Sy

E(S)= Z p;log, p

Play Golf

Yes No

9 5

Entropy(PlayGolf) = Entropy (5,9)

= Entropy (0.36, 0.64)
= - {0.36 log, 0.36) - (0.64 log, 0.54)

=0.94
5/14=0.36
9/14=0.64
BT1A 1T StEtAEAY aPlEP] Glofzadydz 1dftlyly Sy

E(T.X)=Y P(c)E(c)

ceX
Play Golf
Yes No
Sunmy 3 2 5
Ouwtlook | Overcast 4 L] 4
Raimy 2 3 5
14

!

P{Sunny)*E(3,2) + P(Overcast)*E(4,0) + P(Rainy)*E(2,3)

E(PlayGolf, Outlook) =

= (5/14)*0.971 + (4/14)*0.0 + (5/14)*0.971

=0.693

Information Gain

AT AR 1T FYOPE 6ANI GSNR {NYS&A
AN UFNINI FEFOP 2fdz0Gdz2NXYI 1 X Sy
| TYAGSEAEA oOdzf YF1E€F Af3IAfARAND

OANI I TYAGStE AcE
@N1asS] oAf A



I RPY MY | SRSTAVWPBNIGNRLIAGAYA KSal LX |

Entropy({PlayGolf] = Entropy (5,9)

= Entropy (0.36, 0.64)
= - (0.36 log, 0.36) - (0.64 log, 0.64)
=0.54

l RPY HY +#SNA {NYS&AA RIKI &2yN} TFIFENJEP yAlSt

51 KI a2yNJ} X olfYS Aceiy (2L Y SYGNBLRI SteREI
SYGNRBLAS o6l ftNYYSRSY | yOS{A SYyidNRLARSY @P{ [N

FTFEYFRPNI
Play Golf Play Golf
Yes No fes No
Sunry 3 2 Hot 2 2
Outlook | Owercast 4 0 Temp. Kild 4 2
Rainy 2 3 Cool 3 1
Gain =0.247 Gain = 0.029
Play Golf Play Golf
Yes MNo ez Mo
| Hign 3 4 Fals= E 2
R MNormal 6 1 = True 3 3
Gain =0.152 Gain = 0.048

Gain(T, X) = Entropy(T) — Entropy(T. X)

G(PlayGolf, Outlook) = E(PlayGolf) — E(PlayGolf, Outlook)

= 0.940 — 0.693 = 0.247

Il RPY oY YIFNINJ RNENYN 2fF NI 1 ShksecirNv@rNgeti 0 Af 3 A
RFEEfNBYWIS o RYyRPY Adt SING PKISNI RIf RF 0S{1 NJ

* Play Golf
No
2

Yes

Sunny

Outlook | Owercast 4
Raimy 2 3
Gain = 0.247




|
Sunny

I
Raimy

Overcast

Outhack Temp Humidity Windy Play Goalf
y |sunny Wild High FALSE Yes
| Sunny Coal Narmal FALSE Yes
Sunny Caal MNamrnal TRUE [ [5]
| Sunny Wil Narmal FALSE Yas
Sunny h High TRUE Mo
overcast Hot [kigh FALSE Yo
Chiarcast Coal Hormal TRUE L)
Chvercast Téuld Hi TRUE Yas
Cvercast Hot Hormal FALSE Yes
| |Rainy Hat High FALSE Mo
Rainy Hot High TRUE Mo
R iy Mild High FALSE Ha
| |ramy lau Mormal FALSE Yes
y lwig [ wormat TRUE Yos

Step4a9 Y i NP LIA A&A &

2ty

OANI RIf X

oA NI &L LINT |

P

Temp  Humidity Windy Play Golf
Hot  [High FALSE Yos
Cool Normal TRUE Yes
Mild  [High TRUE Yos
Hot Normal FALSE Yes
| | |
Sunny ] Overcast [ Rainy
Play=Yes
l RPY noY 9YUGNRLAAA nUYRIY oN&N{| 2fly O0ANJI RIfTF
Temp Humidity Windy Play Gaolf
Mild High FALSE Yes RRiak
Cool | Mormal FALSE Yes
Mild | Mormal FALSE Yes . : 1
Mild High TRUE No
Play=Yes
[ FALSE ] TRUE I
Play=Yes Play=MNo




' RPY pY L50 FE3I2NRGYFaAaPE GNY @GSNARESNI APYyP
ozyinelemel2 € NI 1 cel f PO G PNPE PN

YENIFNI ! EFOPYREY YI NI NI YdzNI £ € F NPY |
AN TFNFNI FEFOPZ 111 RNENYRSY @FLINFY¥1 RNENY
RI YNOUGNNNE SoAt AN

R,: IF (Qutlook=5unny) AND
(Windy=FALSE) THEN Play=Yes m
——
Overast

R;: IF {Outlook=5unny) AND

(Windy=TRUE) THEN Play=No ) Reainy

R,: IF (Outlook=Overcast) THEN Play=ves

Play=Yes

R,: IF (Outlook=Rainy) AND ‘ FALSE [ TRUE High ‘ [ Normal

{(Humidity=High) THEN Play=No | — | —
Play=res Play=No Play=No Play=1es

R.: IF {Outlook=Rain) AND
(Humidity=Normal) THEN
Play=Yes



Uygulama:

Rank <= 6.5
gini = 0.497
samples = 13
value = [6, 7]

Tin i/ \Iialse

gmi = 0.0
samples = 5
value = [5, 0]

YENI NI ! EI OP

olabilir.
mNy S10S=

bSegasS 1A
K11 PYRLI

Nationality <= 0.5
gimi=0.219
samples = §

value =[1, 7]

=3
g = 0.37
gamples = 4
value = [1, 3]

\

g = 0.0
samples = 4
value = [0, 4]

/N

gmi= 0.0
samples = 2
value = [0, 2]

(@]

Experience <= 9.5
@ini = 0.5
samples = 2
value =[1, 1]

/

\

gimi = 0.0
samples =1
value = [0, 1]

gini = 0.0
samples = 1
value = [1, 0]

9ANI ! 1 PO

1AOAYAT

62 ddzy |
ol RI
IRRSTNVARBRS I A RAANIBA

FOIY&: At PAR PINI NA-SNII FyND SA SAINIRSYY/

JARALI 3A
KSNJ {2YSRA 0



Age Experience Rank | Nationality| Go
36 10 9 UK NO
42 12 4 USA NO
23 4 6 N NO
52 4 4 USA NO
43 21 8 USA YES
44 14 5 UK NO
66 3 7 N YES
35 14 9 UK YES
52 13 7 N YES
35 5 9 N YES
24 3 5 USA NO
18 3 7 UK YES
45 9 9 UK YES
AYRAZ 0dz @SNA

2f Y RPEPY I

1+ NI

aSGAYS RE&Iyl NF|
NJ @SNIS]

21 dzy dzNJ @S

bl aPf cl f PO PNK

TE1 1 y0S AKGAE&lI OPYPI
mMNYS1TY 2SNRA &ASUAYA
import pandas

from sklearnimport tree

import pydotplus
from sklearn.treemport DecisionTreeClassifier

import matplotlib.pyplotasplt

import matplotlib.imageaspltimg
df = pandas.read_csv("stvs.csv")

print(df)

ANI UFNINIIFELFOP 2f dzo G dzNX | |
2fYLely YaiaftAiaesSady
t FYRFfFNE RSESNISNAY VyI aPft

(I &Palt

yontemine sahiptir.

{UK" 0, 'USA": 1, 'N: 2}
5SESNI SNRA RI yNoUGNNXS|]

A Ay

2SS

2 f Ipandaldri BKNrfurf S N

UDAGY

t 2 K2y > KSNK
AceAy 1dzZ tFyPtFoAf SOS

AeS F1dl

8l 1T RPNP{f PN

GNY OSNAE SNR

ANGdzyt I N

RIIgkBlanbiNmeNF SOSEA K

FyEFYPYL

ISEANY 4! YU {



¢
(0p))
™
(0p))
Z
<l
(@)

MNY S1TY YIFINB{GSNI RSESNI SNAYAY al ePalf

d = {UK'0,'USA"1,'N": 2}
df['Nationality'] = df['Nationality'].map(d)
d ={'YES'1,'NO": 0}

df['Go'] = df['Go'l.map(d)

print(df)

I NRPYRIYyS 1T SttA1 &NGdzyf |l NPYP KSRST aN(dzyRIY
mi SttA]l aNbGdzyf I NPX GFKYAY SGYSeS el f POGPEPYF
el f PO BRERYBINAKY 0 dzf dzy RdzE dz & N { dzy’ R dzNJp

mNYyS{Y - 1 1TSttA]l aNiddzyftl NPRPNE & KSRST¥ aNid

features = ['Age"Experience"Rank’,'Nationality']
X = dfffeatures]

y = df['Go']

print(X)

print(y)

! Pl 3ISNIeS]T 11 NIN €l OPY P btirfvalbigisalgia bir pigh NE 2 Y
a | &P 1 +F@8RSRSOAEANRT o

mMNYSTY . ANJ YFENINI! EFIOP 2f dz0 (1 dzNHzf YI AaPX 06 A NJ NB

dtree = DecisionTreeClassifier()

dtree = dtree.fit(X, y)

data =tree.export_graphviz(dtree, out_file=Noneafure_names=features)
graph =pydotplus.graph_from_dot_data(data)
graph.write_png('mydecisiontree.png’)
img=pltimg.imread('mydecisiontree.png’)

imgplot = plt.imshow(img)

plt.show()



Rank == 6.5
gini = 0.497
samples = 13
value = [B, 7]
1007 Tru j/ \Tlse
gini = 0.0 Expgri;a:tae;; 95
samples=5 | | S1-0219
200 ~ = =
value =[5, 0] value = [1, 7]
300 - i = 0.0 Experience <= 11.5
sagmples =4 gini ;D,S?i
_ samples =
400 / \
gini = gini =
sampleﬁ = 1 samples 3
value =1, 0] value = [0, 3]
T T T T
0 100 200 300 400

{2ydze ! ®Plfl Yl &PY

YENI NI FEFOPXE 0A N jskermehR idtisnglinizi esaplarnsklicin HricekiS & A LJ
1FNINIFNPYPIP 1dzf €t FYyPND YININI FEFOPYPY FI NJ§
Rank <= 6.5
gini = (0.497
samples = 13
value = [6, 7]

Tmi/ \alae

Rank:

wkyl fI c®dpX NIYy{P codp @Sel RFKF RNON] 2ty
@S ASNR 1+EFYyPYPYy CliEaSTPH¥TdzISdRQB®I 0 AT f S@SOS
AAYA ' nodnpt= 61t YSYAY 1l EAGSEAYA AFIRS SRSN
0dzNI RI nonX GNY I NYS1ftSNAY F8dyP a2ydz0dz I f RPE

2NI I Rl &F Pt RPEP Iyt YPYylF ISt AND
Samples(numuneler) =13; NI NRI o6dz y21GF Rl Mo 12YSReSy {1If
FRPY 2t RdzEdz AeAy KSLJAA 06dz {F RIFNW

+| f dZSORSESNI 0Ol wcX 176 0dz mo 12YSRE@SYRSY cUAF
FytfFYPYyl 3SftANW



Gini:

MNY STt SNR 061 fYSYAYy O0ANDRIIY@REYHy DI NRIPINEY B a2 IE
DAYA @I YGSYA O6dz F2NN¥NEN 1dzf £y PNY

Gini = 1- (x/n)? - (y/n)?

. dzZN} R ESX 2ftdzYtdz @ yPitl NPy 6bDhbo al @P&APRPN
2f dzyadz @l yPiflNPYy o6bl! Lwbh0 &l @PAPRPND

1-(7/13f-(6/13f=0.497

Rank <= 6.5
aini = 0.497
gamples = 13
value = [6, 7]

Tru :/ Yﬂlse

ini Nationality <= 0.5
i = (.0 T
gamples = 5 g = 0. 1

: samples = §
value = [5, 0] v 1111».} =[1,7]

L\

AN A2y NI 1A RPY AQlA (dzidz AeSNANE O6ANJ {dzidz d
OANJ {dzidz ISNR (FflyPeftl O0ANIA(lGSOD

True-5 durumunda Komedyen Burada Bitiyor.

AAYA T nonx GNY ydzYdzy St SNAY @y P &a2ydzOdz | f RF
numuneler=5pdz o N} youl p 12YSReéSy I+t RPEP yfl YPYI
RIFKIFI RNON]OO®

RSESNIT wpX n6I pUAyYy bl! , Lwh @S nUPy b59=+! abh

, | y-8 ®udumunda Komedyen Devam Ediyor:

Uyruk:

'@ NHzZl fT' nIpX dz@NHzZ]l SRESENBENIYpHEASKITA 27 dzyo @
YN} ffP1UllYy KSNJ]S&ax v ATfSe@S8S0Ser @S 3ISNR (¢
AAYA T noumMpYE ydzydzySt SNAY &F1fFO0P] s2HHUAAYAY
ydzydzy St SNI T y3 0dz o NMWPYH yESEAWS Ry Sy 2{ISIRRBS R
yuksek).

RSESNIT wmMX 178X 0dzy (2YSReSYRSYy MUAYAY bl ! |



Nationality <= 0.5
gini = 0.219
samples = §

value = [1, 7]

L\

Age<==3575 O
gini = 0.375 gini = 0.0
= gamples = 4

samples = 4 rlira —
value = [1, 3] value = [0, 4]

/N

True- 4 durumunda Komedyen Devam.

Loy

,F® DpdpX opZIp ©BSer RIFEKF (1N@N{ @Froidll1A 12YSFK
al ERF1A 21dz AT £S@8S0SeA Fyfl YPYl 3SfANWD

AAYA T nodoTpX ydzYdzy St SNAY &F {1t 0P s20TZpUAyA
ydzYdzy St SNJ ' nX o6dz RIf RIFStnA NJ2O/ SRSty § NB RFPEVW 1t
RSESNIT wmMX 063X 060dzn {2YSRESYRSY MUAYAY bl !

False- 4 Komedyen durumu Burada Bitiriyor.

AAYA ' ndnX GNY ydzYdzy St SNAY | e@yP a2y dz0Odz | £ RF
VdzYdzy St SNI Tnni2%8R8RBYYPLHE RPEP | yElFYPYylF 35St AN
komedyen).

RSESNIT wnz n6x o6dzn {2YSRESYRSY nUPy bl!  Lw

Age==355
aini = 0.375
samples = 4
value =[1, 3]

/N

- Experience <= 9.5
gini = 0.0 ]Qjm':(}i
samples = 2 = -

samples = 2
value = [0, 2] "’“1“5!: [1.1]

/ O\

True- 2 durumunda Komedyen Burada Bitiyor.

AAYA ' nodnz GNY ydzYdzy SPENAASEEAWR a2y dzOdz | £ RF
ydzYdzy St SNIJ T HX o0dz 6Nl yoidl H 12YSReSy {IftRPEF
veya daha geng).

RSESNIJT wnX HBX 0dz H ({2YSReSYRSYy nUPy bl !  Lw
gelir.

| y-£ 8udumunda Komedyen Devam:

5



Deneyim:

5SySeAyY I dpdpz dhZp &Pt @Sel RIFEKF T RSySeay
1FEFyfFNPY AasS aleRF{A 21dz AT tS8S0OSEA yfl YF
AAYA T nIpX ydzYdzySt SNRAY 2pnUaiAyiAy o0AN &l yS 3
YydzYdzy St SNI ' HZ 06dz oNI yRYiH HS {122N0SRe So/p 2 p f SRIPEFE
komedyen).

RSESNIT wmMXI MBI 0dz H (2YSReSYRSYy MUAYAY bl ! |

Experience <= 9.5
gini = 0.5
gamples = 2
value =1, 1]

/N

gini = 0.0 gini = 0.0
samples =1 gsamples = 1
value = [0, 1] value = [1, 0]

True- 1 durumunda Komedyen Burada Bitiyor.

AAYA ' nodnX GNY ydzYdzy St SNAY | e@yP a2y dz0dz | £ RF
numuneler=mX o6dz 0N} yoil m 12YSReSy {1lItRPEP |yfl Y’
az deneyime sahip).

RSESNIT wnx M8 nUPy bl! , Lwh FEFOFEP @S MUAY
. | y-fL Rotnedyen Burada Bitiyor:

JAYA T non: GNY ydE@®yBySENXNPYl @Bt A R3PdzO0dz | f RF
ydzYdzy St SNIJ T mX o0dz 6Nl yoidl m (2YSReSy {IftRPEF
deneyime sahip).

RSESNIT wmX n6x MUAy bl!  Lwh +FEFOFEP @S nUPy

¢CFKYAY 5SESNI SNRY

.Sy A RSESNI SNR NI N& Y ASYF O3PyYPS {1 dif ceA- W FYOIA £ A NR T @
mNYS1Y nn @FOPYRISE mn @PffP] RSYyS@AyYS al KALJ
12YSReSyAy 28yIRPEP O0ANI Il aGSNRES IAGYSEA YA
mMNYS1Y ,SYA RSESNISNA (FKYAY SGYS] AcAy Gl KY
print(dtree.predict([[4®, 10,7, 1]]))

mNYS1Y Y2YSRA &APNIflYlFLaAaP ¢ 2faleRP OSQI LI yS
print(dtree.predict([[40, 10, 6, 1]])

CFENJ]tP {2Yydzoet | NJ

YENI NI ! €EFOPUYP @yP OSNAESNIS o60Sat SaSyAl oAf
BSNRAEAYA 31 NBOST1aAyAl o

Bununnedeni, KN} NJ ! € OPUYPY o6AT S 2mnn 1S&8AYy O06ANI OS
2t APt PEPYl RIFI&FyPNI @S OSOI LI RSEA6SOST (AN

A



5.1.2.  Onylkleme Toplama (TorbalamaBagging)
YIENIFNI ! EFoefl NP IA0A 81 YyISYESNE &@SyA OSNAE SNJ
S € A (i merfazB Byinaya meyilli olabilir.

L, 220&40NF LI ! 3ANBALGAZ2Y OG2NDIEFYIFOZ APYPTFE Il YR
d22 RdzN)Y I 8P cel 1 YS&@S cel t POLY O0ANJ OANISOGAN)XS &l
Ff£I32NRGYFEFNPYPY R2 &Nz &Ddeh diyBE A LIS NF 2NN INgDE P
INYSAAYAY NIadg3asStsS Fftd {NYSESNAYA RSEAGUHAN)NS
APYPFEFYRPNPOP 6aPYPTFElIYyRPNYI AceAYyO @Se&l 3ISN
GFKYAY T SNI RI KI aRENY @PYRFE dzly RPNIK OSe&l NBINB
g2fdeetl (2L FYyPNE o6dz R GF KYAY R2E&NXz dzE dzy dz |

AN ¢SYSE {PYPTFElIYRPNPOPEP 5SESNI SYRANNSTY

C2NDFEFYFYPY Y2RSt LISNF2NXIYAPYP Yyl aPt AeAf S
APYPTFE I YRPNIRGHRSPYW ASINA LISWFHFS NXYFya 31 adSNRAEA
YIENI N FEFoef I NPYPY yS 2fRdzEdzydz 0Af YA@2NRELI YPI =
ASEeANRYS Ny {N G2NBFEFYF 1F@NFYPY 06AN RSOl YF
{1ESIENYUAY O NI L) OSHNR aPFPFY RSPy @ dey yWP YT I NI & F
DSNE{ftA Y2RNftSNRAR A®S {TGFNINFY]1 oloftlertfPY®

from sklearnimport datasets

from sklearn.model_selectiamport train_test_split
from sklearn.metricémport accuracy_score

from sklearn.treemport DecisionTreeClassifier

5 KFE a2y N} OSNAfSNR &N1fSYSYAT @S - O03FANROS |
ASNBTA@2ND FAPFNFYS LI NFYSOINBEAA ¢NUzS 2 NI |
FREFNPYP 11@oStiYSeAaAl & onodnoldiSy il A alft Sk Ny
FNENYlFYPYP Gt YlFfPRPND

data = datasets.load_wine(as_framelrue)

X = data.data
y = data.target

a2RSEAYATA 3TJINNyYSeSy @GSNAf SNI NTSNAYRS R2ENH
@S (GSail aSaft SNAYS | @ PNYIYWRPH OASINSA ARBANDS +9SENM (i
ol 1 PYyOo®

X_train, X_test, y_train, y_test = train_test_split(X, y, test_sz2%; random_state 22)

| FTPNILFYlLYy GSNRESNAYAT S FNIP|Y 0ANI GSYSt awPy
BSNAE SNAYS APERPNIOGATANRIT @



dtree = DecisionTreeClassifier(random_sta@2¥
dtree.fit(X_train,y_train)
DecisionTreeClassifier(random_state=22)

I NP1 31 NNyYSeSy i
RSESNI SYRANBOATL ANA
y_pred = dtree.predict(X_test)

Sald aSGAYyAYy O NIXLI aPYPTFPYF
(K>

print("Train data accuracy:",accuracy_score(y_true =y _train, y_pred =
dtree.predict(X_train)))
print("Test data accuracy:",accuracy_score(y_true =y test,y pred =y pred))

Sonug:
Train data accuracyt.0
Test data accurac{.8222222222222222

Y2ZR mNYy S€A

DSNB{fA GOSNRAEtSNI AeS 1GNPt PN @S GSYSt aPyP¥
from sklearnimport datasets

from sklearn.model_selectiamport train_test_split

from sklearn.metricémport accuracy_score

from sklearn.treemport DecisionTreeClassifier

data = datasets.load_wine(as_framelrue)

X = data.data

y = data.target

X_train, X_test, y train, y_test = train_test_split(X, y, test_sz@%; random_state 22)

diree = DecisionTreeClassifier(randstate =22)
dtree.fit(X_train,y_train)
y_pred = dtree.predict(X_test)

print("Train data accuracy:",accuracy_score(y_true =y train,y _pred =
dtree.predict(X_train)))
print("Test data accuracy:",accuracy_score(y_true =y test,y pred =y _pred))

w»
ax
c:

CSYSPFTERPYRPNPOPSE IS@SNIA LI NFYSGNBEtSNIS
veri kimesinde oldukca iyi performans gdsterir (random_state parametre kiimeniz yoksa
FIENJETP az2ydzet | NJ 2t dz0 6Af AND O



I NPl GSad OSNR {NYSaA A oaka/gord Sorvdlamao A NJ R 2 € Nz
{PyP¥t|yﬁ NPOPAPYPY (GS1 O0ANI YFNINI!EFIOP {PYF

¢C2NBFEFYF {PYPF¥FEtIFIyYyRPNPOPAP hf dzo G dzNX |
C2NDIFEFYF AcAYy YyPSaGdAYlFi2NR LI NI YSGNBaAYyA @&
FNF el GPLES¥SOIEPYPTFEl YRPNPOPE I NPY &l @PaPRPN
.dz | NYyS1 OSNA {NYS&A Acwiy GFKYAY SRAOAfSNRY
ON&@N]l FNItPlEtFINPY {({SOFSRAfRAEA RAiNHEYWR-dZNBP A AL
@ LIPE PNE | yOIl&l SRAMRAK ®AY (8 KoemfyYoOms o6ANJI RAT A R
DSNBE{1fA Y2RSfA AYLER2NI SRSNB]l o0l 06fPe2NHd o

from sklearn.ensemblamport BaggingClassifier

AYRAS KSNJ (2L dzf dz] GF 1dzf € FyYlI]1 A&a0G§SRAEAYAI
2f dzo GdzNI £ PY D
estimator range =[2,4,6,8,10,12,14,16]

C2NDBFEFYF {PYPFEFIyYyRPNPOPAPYPY TFIENJEP yypSaday
31 NXYS] AceAyXZ RSESNIFNItPEP NI SNAYRS @AySt SyYS
d2ydzef F NP &l 1€ Yl y PyBunb jabhak igid, dayasonfald G A &  OPY PI
I NBSEfSOGANNSEt SNI AccAy Y2RSEf SNA @S Lz vy I NF
2 f dzo G dzNJ OF € P1T @

b24dY . F33FAy3/ tFaaArAFTASNHRI1TA GSYSt aPyPFil yRF
SAOAAA2YENBS/ I aaAFTASNRRBNR yadzoy SREVIPSI) B3N Ic
gerekmez.

models =[]
scores =[]

for n_estimatordn estimator_range:
# Create bagging classifier
clf = BaggingClassifier(n_estimators = n_estimators, random_st223 =
# Fit the model
clf.fit(X_train, y_train)
# Append the model and score to their respective list
models.append(clf)
scores.append(accuracy_score(y_true =y_test, y_pred = clf.predict(X_test)))

5SLRtlFYyly Y2RStfSNI @S Lz yf I NI If NIBRI0 AWBR S )
import matplotlib.pyplotasplt



# Generate the plot of scores against number of estimators
plt.figure(figsize=(9,6))
plt.plot(estimator_range, scores)

# Adjust labels and font (to make visable)
plt.xlabel("n_estimators”, fontsize £8)
plt.ylabel("score”, fontsize £8)
plt.tick_params(labelsize ¥6)

# Visualize plot

2 4 6 8 10 12 14 16
n_estimators

| NV SEAY
Bl1tA OSNAESNA AceS F{4GFNPYy @S . 33Ay3/fl aa

import matplotlib.pyplotasplt

from sklearnimport datasets

from sklearn.model_selectiamport train_test_split
from sklearn.metricémport accuracy_score

from sklearn.ensemblamport BaggingClassifier

data = datasets.load_wine(as_framelrue)

X = data.data
y = data.target

X _train, X_test, y train, y_test matn_test_split(X, y, test_sized=25, random_state 22)



estimator_range =[2,4,6,8,10,12,14,16]

models =[]
scores =[]

for n_estimatordn estimator_range:

# Create bagging classifier
clf = BaggingClassifier(n_estimators = n_estimators,oandtate =22)

# Fit the model
clf.fit(X_train, y_train)

# Append the model and score to their respective list
models.append(clf)
scores.append(accuracy_score(y_true =y test, y pred = clf.predict(X_test)))

# Generate the plot of spes against number of estimators
plt.figure(figsize=(9,6))
plt.plot(estimator_range, scores)

# Adjust labels and font (to make visable)
plt.xlabel("n_estimators", fontsize £8)
plt.ylabel("score”, fontsize £8)
plt.tick_params(labelsize 16)

# Visualze plot
plt.show()

2 4 6 8 10 12 14 16
n_estimators

{ 2y dzeef I NPY ! ePlflyYlIaPy
¢ KYAYOA ale@PaP AceAy FIENJEP RSESNISNAR @AyStS
F NGPS Il NBOAETANRT @ mn GFKYAYOARSY a2yNl R2EN



rastgele_durum (random_statedyarlaNBR I y PT = 31 NRNENY NI RSESNI SNJ
YSRSYfSS AAGAININIP az2ydzef I NJ St RS SGYS]T AcAy
. dz RdzNHzYRI =X o6F NI 6Py GNNNYN o6SftANISYSe&S 3StAy

. Fo1F AN 5SESNI SYRANXYS S1ftA

myeaN]lfSYSZ APYPTFElFYRPNPOPE NI 2 dz0 G dzNY I {1 AceAy
d8SceAY ANNBOAYRS RPOIFNPRIFI 0PNI{PEfly 3I1TfSYfSN
d2yNI} X 0ANI (GSald aSiAyS oSyl SNI®SANBDPRE2ZNBRSR®
GFrKYAYAY A1AfA AaPYPFElIYRPNXYI LINROfSYf SNAYRS
@S &l fyPI OF RAESNI I feNYESNBE GFYFYfl@POP 2 N
{2y FEftPOGPNXYIRI mMu GF KYAY ORA Ukibf yuddgn nbodeliniizB| R2 €
2€dzoGdzNYIF 1 AceAy oOdzydz 1dzf €yl OF €EPl & . dz aSTSNE
AeAy 2209paO0O2NB LI NI YSGNBaAYA GNHzS 2fFNr{ et
Y2ZR | NYySEAY

¢C2NDBI RPOP YSOUNRES &l KAL) 0ANI Y2RSt 2f dzo ( dzNXz
from sklearnimport dataset

from sklearn.model_selectiamport train_test_split
from sklearn.ensemblamport BaggingClassifier

data = datasets.load_wine(as_framelrue)

X = data.data
y = data.target

X _train, X_test, y train, y_test = train_test_split(X, y, test_sz@%; random_state 22)

oob_model = BaggingClassifier(n_estimatoi®-oob_score ¥rue,random_state 22)
oob_model.fit(X_train, y_train)

print(oob_model.oob_score )

hh. URS (1dzE I yPtlty | NYS1ftSN ¢S GSad ziBGA FI NJ

R2ENXMzt dzl GF O0ANJ FIN] QI NRPNXP ¢ YIYSYy leyP 2fY
AcAy KPIEP | NIcfl N 1dzf £FyPEfYlIEfPRPNE FyOlF]l @S

Out-of-bag error (OOB):
¢C2ND I RFEFY @PlYl GFKYAYA 20 INT {NIRE G 3 Rit § yRNNUIPY I
1TFNINIFEFef I NPYPYy @S | yeN(lftSYS G2LX FYFeP { dz



0F KYAY KFGlFaPy®P

| f eYS @1 YOSYARANY ¢2NBFE I YI X
2f dz0 G dzZNY I {1 AceAy £

f
f | N1 SYS@A RSEAOGUANNS A
¢C2NBFEFYF {PYPFfFyYyRPNPOPAPYRIY YININI ! EF cf | N
YENFNI ! EFOP RSNAEAYRS 31 NNt RNEN FA06A Y2RStAY

YNY{NYRNNY ¢2L)X dz aPYPTFftl yRPNPOP&l 3IANBY 0ANEB
Bu, torbalamamo8t AYAY Gl KYAYf SNAYS yI aPt dZ F 6GdPEP |

1FTFYYEYPTIF @FNRPYOP 2f dzNID
b2GY .dzz &FfyPIOF F€Fofl NPY yAalLISGSYy apre @S
RFKF {NeN{ OSNA |INYSESNAYRS A0t S@aSt RAND

t f 20 Q0ONBSIINYPERBPEHNREYE A S |10l C
AdaU0SRAEAYAT GFKYAY SRAOAGA RSEASGGANBNB] 3INI T
Y2ZR | NYySEAY

C2NDBFEFYF {PYPFEFyYyRPNPOPAPYRIY YININI ! EF cfl N
from sklearnimport datasets

from sklearn.model_selectiamport train_test_split

from sklearn.ensemblamport BaggingClassifier

from sklearn.treemport plot_tree

X = data.data
y = data.target

X _train, X_test, y train, y_test = train_test_split(X, y, test_sz@%; random_state 22)
clf = BaggingClassifier(n_estimator42; oob_score ¥rue,random_state 22)
clf.fit(X_train, y_train)

plt.figure(figsize=(300))

plot_tree(clf.estimators_[0], feature_names = X.columns)



proline <= 727.5
gini = 0,612
samples = 82

value = [55, 59, 19]

color_intensity <= 1.335
gini = 0,342
samples = 47

value = [0, 57, 16]

[\

flavanoids <= 0.92 —
P gini = 0.0
gini = 0.266 samples = 32

samples =15 =
value = [0, 3. 16] value = [0, 54, 0]

/\

color_intensity <= 1.605
gini = 0,156
samples = 35
value = [55, 2, 3]

N

magnesium <= 147.0
gini = 0.035
samples = 32

value = [55, 1, 0]

/)

hue <= 4.325
gini = 0.375
samples = 3

value = [0, 1, 3]

gini = 0.0
samples = 13
value = [0, 0, 18]

gini = 0.0
samples = 2
value = [0, 3, 0]

gini = 0.0
samples = 1
value = [0, 1, 0]

gini = 0.0
samples = 2
value = [0, 0, 3]

gini = 0.0
samples = 31
value = [55, 0, 0]

gini = 0.0
samples = 1
value = [0, 1, 0]

Burada sadece nihai tahmine oy vermek icirf kuly P {
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513. KNN9Yy 1Py Y2Y0dz

MpcT &R RaydRI/ 2 3SNJ @S td 9d | I NI { oMkt MBYRRIEEYHZ |
APYPFPY @S Sy @F{1{Py 12Y06dzydzyZ Y RSESNAYS 3
5SYSUGAYEA | ENBYYSRS aPyPTElIyRPNYI @S NBINBa
olFaAd YIFI{AYyS | ENByYSaA FftI2NAdYFaP 2t FNF1 {11

Ybb IZYIeGBR A O6ANI | NYyS|U 3ISEtRAEAYRS OGF Nagk Iy | €
2ydzy Sy @F1PY Y 12Yo6dzadzyl o6F{1FNFX1 | NYSEAY &F

Kbb Ff3I2NAOGYlIAaP aPYPPYPFRPHERPNIAIENND BISANRRRN
4 PlstPBP NY I A0t SYARANY {PYPTFElIyYyRPNYI KSY &I LIPE
turleri Gzerinde uygulanabilir.

Ybb Ff3I2NARGYIFaP aPyPFil yRPNPEYI] AaliSySy o6AN
31 NB aPyPFE I yRRNFKY 0 AN PV P2 NI dlsiggREMAdiAhidzy R dzE d:
edilecek veri kimesinde S NA & & P& Py Prani ddorintadakét RS0 § RAYNIXRIZ
FNF YRNMIP GFKYAY @FLII] A&aGSRAEAYATRSSES GNY @S¢
L fEA2NAGYF YPY oRSIEFSONWRF A0PS/TRAFNIOSAYNUNYP . dz Y RSESNM
Al @ PAPRPNX . ANJ RSESNI ISt RAEAYRS Sy &I 1Py Y
dzl I 1t P1 KISHALK | ggIlPNIf Pt I NRI'y Sy &F 1Py 1 12Y06d
12Y0dz B&dzt INPY &PYPFPYl il yPN» {SeifSy &t
RSESNAYAY aAPYPFP 2fF N1 (lodZ SRAfAND _ yA @&

KNNnonLJk N} YSGNARO o6 LI NFYSONR] 2fYIreéty 0 fF1¢@
1 GNP YPY Tt | YI &dagarledrring Rdiikdady learningQAy 0ANJ SEAGAY
821 0GdzN» 9EAGAY GSNAEtSNAYA | ENBYYSIT S odzydzy @
KSal LX I YF A0f SYAYRS 3ISyStRS m{fAR F2ylarezyd
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B(Xa2Y2)

A(XaY1)

X X2 >°

Euclidean Distance between Arand B2 = _ /{Xz-X1)2+1Y2-Y1)2

AN GFKYAY @FLIIE]1 AceAyYy Ybb FEt3I2NAGYFaPs 22
SEAGAY OSNRA | NYSAAYRSY | y3l NNON 6ANJ Y2RSft KS
Y2RSt 2fdz0GdzNYI APyl 3ISNB] @e210Gdz2N®» . dz YySRSy
821 0dzN¥» . dz @ NT RSy 3ISyStftAlftS (SYo BrtahmmNI | €NE
8L LI 0AfYS] Acw@AyZ Ybb KSNKFIYy3IA O0ANI SEAGAY o6l
1 dzf £ |y PN

YbbX O0ANI GFKYAY @FLIWI] AcAy GNY @OSNR T NYSEA)
Y2RStA KS&IFLXFYFET @S G4SYOoBY o0L&NS KuNSekidB R RNID
31 TESYA AfS OSNRA (NYSAAYRS{TA TFIENJEP 31 T¢ESY
TFYFYPYRIE 6FYyPYRIFIO GF KYAyt SNI & LI N

,dzl F NPRUKIARBNY Pl Blara®d B ¥ P TatSkaArbRakIP NIBiyaR bir veri
Y271 0 & adpePNOYaBliecekxA { A APYPTP{ ABRAKSHNIESTIKNRYNIPS
Ff3I2NRGYFaAaP GFNFFPYRFEY yIEaPt KSal LI I yPNXK
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A Manhattan DistancgX1-X2| + [Y1Y2|
A Euclidean Distanc&, 6020 bok &)

¥ ¥

T

Manhattan Euclidean

Mesafe Olcuim yontemleri:

{ PYPTFEFYRPNPE I OF |

Minkowsky:

D(x,y) = ("_nzlbfi - Yi |r)

1
S

n

definite m x m weight matrix
Mahalanobis:

D(x,y) =[det VY™ (x - »Tvl(x -y

Correlation:

i(xf - x; )y

sign(x)=-1,0or 1 ifx <0,
x =0, or x > 0, respectively.

Camberra: D(x,y) =
T &f
Quadratic: ~ D(x,y)=(x-y) Q(x-y) = ZL
Q is a problem-specific positive j=1

Euclidean:

S

=1

|m
D(x,y) = E x; = v )

Chebychev:

- ¥i)
D(x,y) = —i=1
I D (X = x> i = ¥)
\ i=1 i=1
Zo1 [ x \2
Chi-square: D(x,y) = E i Yi
=1 sumy L Sizey stzeyJ
Kendall’s Rank Correlation: D(x,y)=1-
n(n -1

x; =y; and is the average value for

Manhattan / city-block:
n

D(x,y) = Elxi - ¥
i=1

m
D(x,y) = Ir_lalﬁtlxz‘ - i
i

\
—yi)QﬁJ(xj -¥;)

V is the covariance matrix of A1..A,,,
and Aj is the vector of values for
attribute j occuring in the training set
instances 1..n.

attribute i occuring in the training set.

sum; is the sum of all values for attribute
i occuring in the training set, and sizey is
the sum of all values in the vector x.

-1
E Z sign(x; — x;)sign(y; — ;)

i=1j=

Figure 1. Equations of selected distance functions.
(x and y are vectors of m attribute values).
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MS&al S | feNaANYNy RS elfyPi Ol ad)yNIRIdZEAY || RE &€ PR
YFGSI2NR]T RSEAG1SYf SN RdzNHzYdzy R | F YYAYy 3 YSal
1F0S32NR]1 RSEAOTSYESNAY O6ANI 1l NPOPYP 2f RdzEc
standardizasyonu konusunu da gindeme getirir.

Hamming Distance

.
Dy = Z“Yr' —V;
i=1

x=y=>D=0

xZzy=D=1

X Y Distance
Male Male 0
Male Female 1

K'nin dnemi nedir?
Y RSESNR O0N&NRN] eSS i KO yaskdanR dzéedzfi | Yo NENPS YoM NI
Al KALJAST T FNFNIFN cel NLJPT 2ftF0oAf AN

Y yIaPft aSocifANK
lfA2NAAGYlF S @SYyA O0ANI OSNA y210l AaPYPY RAESNJ
hesaplar. Mesaf& SNK I y3A 0ANJ GNNRS 2f | 0 AAlgoritiEa ddhdNy S EA Y
a2y Nl (14UesS Sy er{1{Py OSNR y210FfFNPYP &S®eSNE
RSESNI SNRAY KFy3ax 11 SttAeAxr GSvyairt SGGAEAYS
8 1Pyt PEPY{2yal NSIF NIH{LI NBSNR y210F aPyP o6SyT SNJ
atar.
Secilen veri kimesindz8 'y Y RSESNAYA &S®eYS|y A®AYyX Ybb
RSTI I N ISonlalgditind PRPBY A REIESHE SNI KXYyt SNI & LI
12NHzN] Sy ({FNBPEFOPEl W KFEGF &l @PaPyP T Ftaly
1 K'yekararvermek,- By & { Py Y2YOdZRIPMHPY Sy {NARGA]l 1P
T9Y RSESNA {NceN{&asSz 3IAINNNtGN &2ydzOF RIFKF FI]
Y2RSt AY 0d2ZPINJF | dief deYRIP NID
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the data NN classifier 5-NN classifier
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New data point ,\,
Category 2

Category 1

Ybb Ft3I2NAGYIFaP a4l T RS (2R dz23dzZ I YIa®P

A TAGSYAf SYnr@SNRAE SNRA &N fS

A KLI NFYYSGNBaAaA o0SEtANISYANI® .dz LI NI YSGNB @€
A @PAPRPNIP mNYySEAYY {(Tnw 2fadzyd . dz RdzNHzYR
&l LIPEF OF { 4PN

A mNYyS{ OSNR &aSitAyS {(lFaPtlFOF1 2fly @SyAir @S
KSal L FyPNWP Tt3IAEA dzZl I 1fP] F2ylaréezyftl NP

ATEtaAAtA dzZ I 1¢tPEFNRIY Sy @l 1Py 1 12Y6dz St S
12Y06dzZ F NPy &aPYPFPYl |Gl yPND

A {SehtSy aPyPFTs (FIKYAY SRAfYSaar 06S1tSySy
YA @SYyA OSNR SOUA|1SGESYYAOS o0floSt0 2 dzNX

YbbX IyftloPfYlFIaP 2fRdzZlcel o6F&aAd O0ANI If3IA2NARGY
AeAy O0AN) Y2RSES AKGABlI o RAZ2 Yl Yl APRPNX . dzy
JITESYESNAYA KI FPI ik BPyeBenle, dirdzivefiikinesing Soydyna A € A R
dikkat etmeniz gerekin. @ NP Ol = YSal FSyAy KSal LXIFyYyYlF AP A A
Y al@&@PaP KSYSy o0SttA 2ftYlI@8Fo0AfANP YdzZ f I yPY F
icin birkac kombinasyondeNeSy AT @S [t 32NAGYFI@P F&F NI FYlIyPI



Ornek:

A  Given N training vectors, kNN algorithm identifies
the k nearest neighbors of 'c’, regardless of labels

Example
a 0 +k=3
a © - classes 'a' and '0'
a @ 0o - find class for 'c'
a 4 0
a

. I

Girdi Oznitelikleri  Ozn
Ogrencinin Adi Sayfa Sayisi Soru Sayin Basan Durumu

Selin 2100 1500 BASARILI
Mert 2280 1600 BASARILI
 Caner ‘ 800 400 BASARISIZ
Senay 2400 1750 BASARILI
e 250 350 BASARISIZ
Burak : 180 220 BASARISIZ
Lsra 1800 1200 ?

Oklid uzakhg kullanilarak alt adet 6grencinin Esra adl 6grenciye olan uzakhklar:

Ogrencinin Adi | SayfaSayis1 | Soru Sayisi | Basan Durumu |

Uzakhik Hesaplamas:

2100 1500 BASARILL /(7100 — 1800)* + (1500 — 1200)7 424.2

2280 1600 BASARILI /(2280 — 1800)% + (1600 — 1200)* 624.8

Caner 800 400 BASARISZ /(00— 1800)7 ¥ (40012007 1280
Senay 2400 1750 BASARILL /(2400 = 1800)7 (1750 —1200)7 8139
777777 250 350 BASARISIZ /(250 - 1800)° + (350 — 1200)F 1767

Burak /(T80 = 1600)* ¥ (220 — 1200




Ornegin K=3 segersek ilk 3 6grencinin basar durumuna bakacagz.

Ogrencinin Adi Basan Durumu Sonug | SiaNo
Selin < 4242 1
Mert 6248 2
Senay 8139 3

1280 4
1767 5
1893 6

Sonug BASARILI

Ornegin K=6 secersek ilk 6 dgrencinin basari dummun‘a bakacagiz.

Ogrencinin Ads ! Basan Durumu Sonug Sira No
BT
_wew oo

1280

o UV s W N -



Ornek:

KNNE SEAGAY aSOA &FNRPYPefl @GSNAR y210l AaPYyP o
LI N} YSGNR] 2ftYlely RSVSuAYfAﬁ@éNde&MBWN@ $
RdzNHzYf | NPY Py oO0Af IALSNRAYA F1FfF N @S @SyA RdzN

CSYA AN I NYS] O0EU0 AcAyZ Sy 68yl SN Y RdzNHzY
RdzNHzYf | NJ AceAy Pl UiP RSEADPPEFTRI I YyBBNIBYBINSG dzXi |
@ e3aAPYy0 APYPF RSESNARAND

Ybb FfI2NARGYI &P Yyl aPtf o f POPNK

5A8S8tAY A oFITP YNOGSNRESNARY o62ex (1Af2 @S 0

6SRSYAYA al RSOS &F KAL) 2t RdzE dzY dz z gerekior. B&, | A f 2
1At2 OS GASI NI GSWRSYSNIAK @AE BRA vy & eSNBY YA S A

Height (in ems) Weight (in kgs) T Shirt Size

158 58 M
158 59 M
158 63 M
160 59 M
160 60 M
163 60 M
M
60 64 L
63 64 L
65 . L
65 65 L
68 L
68 63 L
70 63 L
170 64 L



I RPY mY !'TI1€tP] F2ylarézydzyl 3II NB .Syl SNIAEA
t S1 @21 dZ+F1tPl] F2ylairezydz S NRPNJ Yl Sy @&l
veriler sir¢ ft A 2f RdzEdzy Rl 1 dzt € ' yPf PN al yKFGaGry YS
& @3 PY RPN

Euclidean :

58]

N 2
dix.¥)= > (x,~y,)

i=l1
Manhattan / city - block :

I

dix.y) El\.‘, },l
i=|

Distance Functions

aSalr¥S | €feNYN (dAflFyYlF FAINRI @SyA | NyS]
60SYT SNIAEAOD o6dzf YI'] @S | NRPYRIYy o62@& -@S | €F
YNOUSNARE SNR o6dzf YI {1 4PN

Ua2yAOFLU | RfEP @8SyA YNOUSNRPHEMOYFI b BV RE SOB
Y2y AOFU0 FN}aAaPYRF{A miftAR dzZ I 1fPEP 6 EPRI A

=SQRT((16158)"2+(6158)"2)

.SYTSNJ 6S1AftRSET &SyA oO¥3al TASESA yiAN YK S38 AL A e | DI
I ePaPyRIy aPNIflYlFLeP KSalLiXlelOrePli & 9y 1 Ncel
12Y6dz 2f F N1 (FodzZ SRAf AN

Step 2 Find kNearest Neighbors

Let k be 5Then the algorithm searches for the 5 customers closest to Monica, i.e. most
similar to Monica in terms of attributes, and see what categories those 5 customers were in.

LT n 2F GKSY KIFIR WaSRAdzYy ¢ aKANI aduésSfarQ I yR
a2yAOl A& WaSRAdzY ¢ aKANI® {SS qKS OFft Odzt I GA

H® | RPYW YI YYPY Y 2WIoadE | NP . dzf dzy

Ksp 2f adzy® ! NRPYRIFY Ff3I2NAGYFS 11T SEtfA1ESNI I e
21 o0SyilSesSy p YNNDINNAN AYNIKNIYAZ qdzi /I 2 NRA £ S
GFrySaar UhNIlF ¢ AKANI o6SRSYyftSNARU @S wm (FySaa
Aehy Sy AeA GFKYAYAYAT UhNIF ¢ 31 YES]T® ! O
ol 1Py



K £ | =SQRT((SAS21-A6)2+($B$21-B6)"2)
A B c D |E
Height Weight T Shirt

1 {incms) (in kgs) Size Distance

2 158 58 M 4.2

3 158 59 M 3.6

4 158 63 M 3.6

5 160 59 M 2.2 3
6 160 60 M | 1.4 I 1
7 163 60 M 2.2 | 3
8 163 61 M 2.0 2
9 160 64 L 3.2 5
10 163 64 L 3.6

11 165 61 L 4.0

12 165 62 L 4.1

13 165 65 L 2.7

14 168 62 L 7.1

15 168 63 L 7.3

16 168 66 L 8.6

17 170 63 L 9.2

18 170 64 L 9.5

19 170 68 L 11.4

20

21 161 61

IO EPRIATAS AN AL A 0 I-shife bédEni) REIE vied turGngu  renkite

I NNYGNf SYYS{TGSRANY UhNIIF o2& GAOSI NIU YI DA
. SYA YNOGSNR oAfIAETSNR &l NP RFANB AeAyRS as$s
tuNtzy Odz @dzNBdzZ I Yy YPO @GSNA y210lFaP &l NP RIANBE
OtaFAKANIL o02@dzidz 2Py YI @A @dzNBdzt dz SNR y 27141}

H B |
HE R ]

=
= " N =]
= b4 & M
L . L
b "\S mL

I * 4‘/0\\\‘\1; -

* @ *

KNN: Visual Representation
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1. Standardizasyon
9EAUMSWNAf SNAYRS|TA o6 EPYAPI RSEASGTISYt SN FI NJ
KSal LX FYFIRFEY | yOS RSEAS61SYtSNR adlyRINRATS
€

OAYyaAyRSy @&NlaS{ftAeEAR GSYSt | fPeE2NBElI @S RAES
meal FS KSal LX I YlFIaPyP RIFIKI FLFTflF SG1AtSesSOSyi
FoFEPRIFETA @1 yidSYft SNRSY KSNKFy3IA O0ANREfS &l LJF

¥ X —mean
g=
5.d.
X —mean
" max — min
X —min
Xs s —
max — min

Standardization

{4 yRFNRATIFa@2yRIy | yOS &Nl1&aS1fAporkS kY 2f R
8l 1Py RSESNI RSEASWASEIAINBY . 1d2 YWOSIR Shytt BZNAYI Y I &4 P
tahmin edicileri standart hale getirmek énemlidir.

—

A B C D E

Height |Weight T shirt

 [incms)|inkgs)  size Pistance

2| 139 164 M 13

3| 139 127 W 1.0

4 -1.39 0.25 M 1.0

5 -0.92 -1.27 M 0.8 d
6 -0.92 -0.89 M 0.4 1
7| 023 08 ™ 06 3
g| 023 -051 M 0.5 2
9 -0.92 0.63 L 1.2

10 -0.23 0.63 L 1.2

11 0.23 -0.51 L 0.9 3
12| 023 -0.3 L 1.0

13 023 10 1 18

14 0.92 -0.13 L 1.7

15 0.92 0.25 L 1.8

16 0.92 1.39 L 2.5

17 139 0.5 L 2.2

18 139 063 1 24

19 1.39 2.15 L 3.4

20

21 -0.7 -0.5

Knn after standardization
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K-Nearest Neighbor(KNN) Algorithm for Machine Learning

T KbSFNBal bSAIKo2NE 5SYySGiAYEA mENBYYS Sy
FEIA2NAGYEFE I NPYRFEY ©0ANKRAND

T Kbb Ff32NARGYIAPET @&SyA RdzZNHzYk GSNAE SNI Af S
varsayar ve yeni durumu mevcut kategorilere en cok benzeyen katedmyye.

f Kbb Ff32NARGYIFaAaP YS@OOdzi GNY GSNRESNR alb{fl
APYPFEFIYRPNPNY . dzZ BEYyRt DENR G $INA B | Nkl RINE R
grupld- { SGA {FGSA2NREAAYS APYPTFELFYRPNPEFOAT SC

f KNN algN\R G Yl aP {PYPFEflIYyRPNXIYPY &FyP &APNI
e2edzyfdlfl {PYPFElIYRPNNYI LINROfSYfSNA AcAy

f KbbX LI NIFYSGNR] 2fYF&Fy O0ANI IfI2NARGYF RPNT
g NElF @ PYRLIF odzZf dzy YT @

T 9€AUAY ASUERWBYWSREEZY Al,eAy GSNAR aSiAyAr al
GSNR &aSiGA NI SNAYRS O0ANI AGftSY @lFLIIPEP Ao
I Rf ' YRPNPE PN

T Ybb Ff3A2NRGYFIAP SEAGAY ol YlFIAPYRI alF RSOS
veriyiyenivek @ S 21 0Syi Se@Sy o6ANJ {IG§S3I2NARS aAPYy

Omek:5A8StAY 1A StEAYAT RS {SRA @S {11LISeES oSy
2ydzy {1SRA YA @&21al 11LS] YA 2fRdz&dzydz 60Af Y
| £t eN&AN NI SNAYRS @Yl BPYPER X AW BAHANRBDNNL
setinin kedi ve kopek resimlerine benzer 6zelliklerini bulacak ve en benzer 6zelliklere

RF&FyFNrl 2ydz 1SRA @S&lF 11 LS 1FGSI2NRAAYS

KNN Classifier

»
{ &4
=
Input value Predicted Output
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Uygulama:

YbbX APYPTilIYyRBNNEIDSNR MBANSJ@Z2ZY | yPEFoAf Sy
| ENBYAYA oO0a[0 Fft3I2NARGYFAPRPNI @S F&@NPOI S{aaji
GSNRA y21GFraPyl Sy &F 1Py 31TtSYItSNAY 06AN FSNA
FAINRYSS Rolde FIWWSPRSYZE S | y3I NNf SYSeSy y210a0F 1 NP
RSESNI SNAYS 3II NB APYPFEIYRPNIOGAEANRT & Ydzf £ |y
81T PYRF1{A I TESYESNAY &l @8PAPYP &aSeSoAf AN

. dzNF RIFY aPYyPTFElIyRPNXYI AcA@gr ¥yBbdE{ HRNRTG ™I 4 PRE
d2ydzef F NP yIFaPt SG1AftSRAEA I AGSNRAE SOST GAND

bl &Pf cel f PdPNK

Y 1dzZ I yPtlFOF]l Sy @I 1Py 12Y06dz al @ PaPRPNXP {F
GANBOSEAYA O0SEANISYS| Acwiy oe28NzyISzS2RA f S If
RSESNISNBE {INBP RIFEKIF al&flFYRPNI @S @21 1 NeN]
Yo YIMURSY RIKF A@A 2fdzNE o6dz R AadSyyvySes

Omek:. TP GSNR y210FfFNPYyP 31 NaSttSoGANBNSE] ot
import matplotlib.pyplotasplt

x =[45,10,4,3,11,14, 8,10,12]

y =[21,19,24,17,16,25,24,22,21,21]

classes =[®,1,0,0,1,1,0,1,1]

plt.scatter(x, y, c=classes)
plt.show()
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20 A

18 A

169 @




AYRA Ybb Ft3I2NRGYIaPwwP YI'm Af S dzédzyf dz KI £ S
from sklearn.neighborgnport KNeighborsClassifier
data =list(zip(x, y))
knn = KNeighborsClassifier(n_neighbors=1)
knn fit(data, classes)

+S 8SYyA O0ANI OSNR y21i0FlaP aPyP¥FtlyRPNPIYI] Aa

Y2R | NYySEAY

new_x =8

new_y =21

new_point = [(new_xnew_y)]
prediction = knn.predict(new_point)

plt.scatter(x + [new_x], y + [new_y], c=classes + [prediction[0]])
plt.text(x=new_x1.7, y=new_30.7, s=f"new point, class: {prediction[0]}")
plt.show()

24

22 L]
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knn = KNeighborsClassifier(n_neighbors=5)

knn.fit(data, classes)

prediction = knn.predict(new_point)

plt.scatter(x + [new_x], y + [new_y], c=classes + [prediction[0]])
plt.text(x=new_x1.7, y=new_30.7, s=f"new pointclass: {prediction[0]}")
plt.show()
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import matplotlib.pyplotasplt
from sklearn.neighborgnport KNeighborsClassfi

.ANJ OSNRA I NYSAAYRS{A RSEAOG]ISYftSNB o0SyiSeSy R
I NRPYRIFIY 06ANJ KSRST aPyPT 6aAPYPFO QI NP | SRST
BSNRA aPYPFPYP (lIlKYAY SUPSPOIARAYK BHaNROBY PiISOKE
81l YyGSYAY KSNXKIYy3IA O0ANI al @PRI RSEAO]SYES ol ftF

x=1[45,10,4,3,11,14,8,10,12]

y =[2119,24,17,16,25,24,22,21,21]
classes =[®,1,0,0,1,1,0,1,1]

Turn the input featuresito a set of points:
data =list(zip(x, y))

print(data)

Sonug:
[(4,21), (5,19), (1024), (4,17), (3,16), (11.25), (1424), (8,22), (10.21), (12,21)]
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knn = KNeighborsClassifier(n_neighbors=1)

knn fit(data, classes)

I NRPYRIYS>S @SyAZ | y3l NNftSYSeSy @GSNR y210 f | NF
ySaySaAayA (dzZ tlyFLoAtANRT @ Tt]1 hyoOSeeSyir abPy®@$
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new_x =8

new_y =21

new_point = [(new_X, new_Yy)]
prediction = knn.predict(new_point)
print(prediction)

Sonug: [0]

CNY GOSNAESNRA &88yA Y2ANRSTSM aPHWHTP HANI K| G
31 NBOAEANRT @ aSiAy | ePlfrFYFHaP &lfyPiOF &8S8Sya

plt.scatter(x + [new_x], y + [new_y], c=classes + [prediction[0]])
plt.text(x=new_x1.7, y=new _30.7, s=f"new point, class:rgdiction[0]}")

plt.show()
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knn = KNeighborsClassifier(n_neighbors=5)

knn fit(data, classes)

prediction = knn.predict(new_point)

print(prediction)

Sonug: [1]

. SYA y2lilyPy
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plt.scatter(x + [new_x], y + [new_y], c=class@grediction[0]])
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plt.text(x=new_x1.7, y=new_30.7, s=f"new point, class: {prediction[0]}")

plt.show()
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5.1.4. Destek Vektor Mikineleri
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durumunda bir diizlem olabilir.
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Sample star Sample circle
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Dataset: N=800, '0": 0.71375 '1": 0.28625
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import numpy as np

import matplotlib.pyplot as plt

import pandas as pd

import 0s

os.chdir('Calisma_Dizniniz')

dataset = pd.read csvesa @ | f aSRel wS{1ftFYYF YLl yelarProOagdyuo
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X = dataset.iloc[;, [2,3]].values

y = dataset.iloc[:, 4].values
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from sklearn.model_seleittn import train_test_split
X _train, X_test, y train, y_test = train_test_split(X, y, test_size = 0.25, random_state = 0)
Normalizasyorg Feature Scaling
. EPYAPT RSe€EA0]1SYfSNRSYy &Fro AfS GFKYAYyA 3ISf
dz& 3 dzf .21 Ol €PI
from sklearn.preprocessing import StandardScaler
sc_X = StandardScaler()
X_train = sc_X.fit_transform(X_train)
X_test = sc_X.transform(X_test)
{+a a2RStA hfdoidz2N¥I{ @S 9€AGYS]|
AYRAE AIOR ATUNGNLIKEF YSaA agdy Y2RNft Nfie{neshesida Py PT 1
AtS Y2RSEAYAT 2t dzoldzNI £ PY D
from sklearn.svm import SVC
classifier = SVC(kernel="linear', random_state = 0)
classifier.fit(X_train, y_train)
{ PYPF LI NI YSOUNBtSNAYRSY O0ANIT oO6FK&ASRStAYD 7!
icin derandom_state=Qliyoruz.
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Test Seti ile Tahmin Yapmak
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y_pred = classifier.predict(Xest)
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B y_test - NumPy array
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from sklearn.metrics import confusiomatrix
cm = confusion_matrix(y_test, y_pred)
print(cm)
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from matplotlib.colors import ListedColormap
X _set,y_set =X train, y_train
X1, X2 = np.meshgrid(np.arange(start = X_set[:, 0].min(3top = X_set[:, 0].max() + lept
=0.01),
np.arange(start = X_set[:, 1].minr(}, stop = X_set[:, 1].max() + 1, step = 0.01))
plt.contourf(X1, X2, classifier.predict(np.array([X1.ravel(), X2.ravel()]).T).reshape(X1.shape),
alpha = 0.75, cmap = ListedColormap@ehl 'green’)))
plt.xlim(X1.min(), X1.max())
plt.ylim(X2.min(), X2.max())
for i, j in enumerate(np.unique(y_set)):
plt.scatter(X_set[y_set ==, 0], X_set[y_set ==, 1],
¢ = ListedColormap(('yellow', ‘green"))(i), label = j)
pittitS6U{ +a O09EAGAY {SGAOUD

LX GPEfF06StoU, o4O
L Gt oStoUall 640
plt.legend()

plt.show()
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SWM (Test Seti)

-2 -1 0 1 2 3
Yas

Lyt PO aPyPTE buydddan 8adbilirif. Grafik lojstk TreijresyoRa cok benzedi.
%Sy KFEGF alFe@PYPI RI O0ANDANRYS w2] &l 1PYyRP¢

5.1.5. Naive Bayes
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Predict 1 Predict 1 Predict 0
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Node splitting in a random forest model is based on a random subset of features

for each tree.
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6.1.1. Anomali Tespiti
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(a) Single neuron (b) Multiple neurons
\ P o
X1 o . X1 \“’}1/—»‘ (PE) }—» Y1
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S N an
J (PE) —» Y &
X2 Y =X W, + XW, .«

PE: Processing Element (or neuron)
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\W23 k\
Y2 =
Y3

XW, +XW, \
= X ,W,, |

(PE) }—» Ya

Transformation (Transfer) Function
i Linear function
T Sigmoid (logicactivation) function [0 1]
I Tangent Hyperbolic function] 1]

Summation function: Y =3(0.2) + 1(0.4) + 2(0.1) = 1.2
X1=3 \\\\[/V Transfer function: Yr=1/1+e*?)=0.77
~ I3
\*\'?
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= _ P —_—
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Input Output
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2-layer or
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Jfully connected
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Input Hidden Output
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Many types of activations functions are used: & +1 4
- linear: a=f(n)=n -
........... -
- threshold: a={1lifn>=0 i
(hardlimiting) i
Oifn< O _ .\
- sigmoid: a=1/(1+em) L
-
- ilﬂ_- M
............. e




MATLAB

Name Input/Output Relation Icon Bonction
e =0 a<0 &
Hard Limit il and hardlim
’ gl =~ n<0 .
t Q
Symmetrical Hard Limi T A= E hardlims
Linear a=n purelin
a= n<0
Saturating Linear a=n 0snsl satlin
a=1 n>l1
. : = -1 -1
Symmetric Saturating . 3 i
S a=n -1<nsl _-7£ satlins
a=1 n>lI
: g 1 S
Log-Sigmoid a= T L logsig
e
Hyperbolic Tangent e"—e" .
Sigmoid 1% e s E
o~ : a=0 n<0 :
v
Positive Linear i ol e poslin
Competitive R & compet

a = 0 all other neurons




Sigmoid unit:

0 = o(net) = =
+e

o(zx) is the sigmoid function

1
1+4+e =

Nice property: dfi;w) =o(z)(1 — o(x))

mNYyS1Y . lFaad {AYyANI! EP

1

sigmoid(1.0 x 3.7 + 0.0 x 3.7 +1 x —1.5) = sigmoid(2.2) = 1o 22° 0.90
sigmoid(1.0 x 2.9 + 0.0 x 2.9 +1 x —4.5) = sigmoid(—1.6) = - = 0.17
i ' 1+ ¢l6
e Output
1

sigmoid (.90 x 4.5+ .17 x =5.2+1 x —2.0) = sigmoid(1.17) = 15 i 0.76



. ANJ ydzYdzySeA AOfSYS | NySeAay

X, | Xo | X5 | Y
1 0] 1 1

n =20.1
yr'_}’)le

".?(.Vf - .]:,.r')x.fl =0.1
’?(.}’r - J:’r)xiz =0.0
"?(yf B .l:’f)xfs =0.1

Ornek:
X
Girigler ~ Agirhiklar V)
x,=05 w,=-0. I -
X,=0.6 w,=0.6 W3 '

X,
X3 i 0.2 Wy i 0.2 % Net f(NCt)
% =07 W, =01 X, 4

Hiicrenin net girdisi;
Net =¥ x. w. 1=1...4
Net = 0.5%(-0.2)+0.6*0.6+0.20.2+0.7*-0.1)
Net = 0.23
* Sigmoid aktivasyon fonksiyonuna gore hiicrenin ¢ikisi;

f(Net) = 1 / (1+e°%)
f(Net) = 0.56



6.1.3. Types of Algorithms used in Deep Learning

Here is thdist of top 10 most popular deep learning algorithms:
1. Convolutional Neural Networks (CNNSs)
Long Short Term Memory Networks (LSTMs)
Recurrent Neural Networks (RNNs)
Generative Adversarial Networks (GANS)
Radial Basis Function Networks (RBFNSs)
Multilayer Peceptrons (MLPS)
Self Organizing Maps (SOMs)
Deep Belief Networks (DBNS)
. Restricted Boltzmann Machines( RBMs)
10. Autoencoders
5SNRAY | ENBYYS FtI2NRGYFEFNP ySNBRS@2asS KSNJ Gl
AeAy oON&Nl YAT]dF NRoerektiict 3A A0f SY INON @S oAt

© 0N Ok WD

What do you understand about Neural Networks in the context of Deep Learning?
5SNAY mMENBYYS o0l EfFYPYRE {AYANI ! €t NP KI{1Py

{AYANI ! €t I NP> Ayaly @NOdzRdzyRI 1A o0A&2fRrR2A] &
AAYANI | EPT AValy o0S@yAYyAy Yyl aprPt ol f POGPEPYP
GSYSt AfAO1TAESNR GFyPYF&F o fPOFY O6ANI RATA
AAA0GSYE SN eSOAGEA OSNAR | NYSODESANKSeEeBBYI AF S| €
. dzNI RF1A FA{ANE o0dz OSNR (NYSESNAYAY | yOSRSY
AAA0SYAY 0Sat SYRAEA GOSNAt SNRSyYy GlFyPYfle&POP
hesaplama modelleri Uzerine kuruludur. Sdi | €f | NP X RSEAOSY 3 A
Al €flL@FroAf RAEAYRSYS @P]lOP (INARAGSNISNAYAY &Sy
en lyi sonucu uretebilirler.



A Simple Neural Network

Hidden Layer
Input Layer
/ \Dmr}ul Layer
—_—
— /

What are the applications of deep learning?

5SNRAY | ENBYYS dz23dz | YEEFNPYRIY o6F1 Pt NP 0odzyf
OMNNY &GN dFyPYF @S R2€lFf RAf A0fSYSO®
DI NNYGNf SNAY (FyPYyYlIaP @S Ao0fSyYvYSairo

hid2YlF0A]1 @SOANROD

5dz&2 3dz FyFfAT A®

{2NXz | NP &l yPautlYlF] AceAy &aAAAGSYO®D

bSaySt SNAY {PYyPTFilyRPNPIEYI AP @S ¢SALAGAD
al TAySeS DINB 9f 1T P&aP htf dzo ddzN¥YI o
hd2YlFGA1 YSUAY 2 dzo(dzNXYI o

wSiyah Beyaz goruntulerin renklendirilmesi.

e eegegeeee



Explain learning rate in the context of neural network models. What happens if the

learning rate is too high or too low?

MENBYYS KPIPYP &aAiAyiN I &Ry MERSYYSNIsdkiveyPt [@2RY |
21 RNON1aS yS 2f dz2NK

MENBYYS KPIP n AfS M FNIaPyRI RSEAOSY 06ANI &
F@FNIFYlFoAf AN KALISNLI N YSGNBE SNRSY 06 ANARRAND
RdzNHzYl yS 1FRIN KPt R d&rfpazl 081 DEBBYRAEHKBA 065
| ENBYYS 2NIyP RSESNRI Y2RStAy &lfyPl OF 06ANJ|
RSEAOGATTATESNI NNBGGAEAYA 3II AaGSNANYSYysS RIFEKF

dzi dzy T 1FYlLyYy ©OSebAKAGOEAMNIAT I YI Yy el1PyalePL] ]
1FEYLFE@FEOFrEPYP 31 AGSNANY {2ydzee 2fF NI {1Z o2]
1dzt €t FyYlF] @SNARAYSsES RSyYySYS e@ryPfYl @&2ftdeetl A
onerilir.
Big learning rate Small learning rate
\
\
X

,dzZl F NPRIFTAONRININYGNRBE I ENBYYS 2NIyPYPYy oOATA
81l Yt SYRANRAEAYA | ePlcel 31 NBOATANART © ! yOI 1=
OATA A&aGSySy oPldPel 31 4§dNNNND



What are the advantages of neural networks?

{ AY AN 198 ty[ONIRY PWIPI 6 dzy £ I NRPNY

w {AYAN FE€TFNP a2y RSNBOS d@FNIIFYlFOATANRALI
LINEOf SYEt SNAYAY @FyP &aPNI} 2] RFEKF 1FNXYIOJP]
oldukca 6lceklenebilir. Her biri kendi néron setine sahlpa 0 SRA EA YA 1 RFN
2fdz00dzNI OAf ANRT @ 421 FrLIflF @GSNR y2lilapP 2f1
31 AGSNAE YAOGANY DI NNYGNf SNE YSGAYytEt SN @6 I
1dzf £ 1 yPE PNI I N { I & P dherhangd) bir Nariye S8ygubanabilirl&.] y N6 G N NN f
w {AYANI I €EP Y2Rdz 0ANJ 1ST SEAGATtRA1TGSY &azyN
TFYFYREY GFalF NNHzZF &1 €F I NI I NI

What are the disadvantages of neural networks?
{AYANI I €T NPYPYy RSTIF@FyGlrattk NP o6dzyt I NRPNY
w {AYANI I €T NPYPY blFNl} {dzidzb &1 yNZ A&A O0A
@dSel YySRSYy O0StANIA O0AN) a2ydzee NNBGOGAEA KI
11 LIS1T FINNYINAN FANRAEAYAT RS @S odafdzy oA N
GFKYAYA @l LIYFel ySeAay aS@gl SGUGAEAYA yflyY

W . AN AAYANI I €EP Y2RStA 2fdz00dzNXYI 1 dzd dzy T Yl
W {AYANI I EEFNP Y2RSftfSNAZ KSNI {+FaYFIyRI 2]
KSal L}X Yl | ePaPyRIy LI KIfPRPN

W . AN AAYARIEROETSY2RE&ANE 3SESyS1aSt o0ANI YI A
Olclde daha fazla veri gerektirir.



Explain what a deep neural network (DNN) is.
5SNAY &AYAN I EPYPY yS 2f Rdz€dzydz | eP1fl @Py®

DANRG @S Pl P06 {1 Y ytylF NI | FKNILA FoyARN a2l 284 | 58AR
AAYANI EP 65bb0o 2fFNF] OAfAYAND 5SNRY aAYyAl
b5SNAYh GSNAYASZ GS1 O6ANI {FaGYlFYRF REFKEF FETEL
ifade eder. Daha yuksek dizke desenler yakalamak icin daha fazla ve daha buyuk
1FaGYFyftI N S1tSe@8SNBS] RIFEKF R2ENMz Y2RSt f SNJ 2 dzc
OANI AAYANI F EPYP 31 aGSNX¥S1UGSRAND

Deep neural network

input hidden layer 1 hidden layer N
layer
output
layer
—
—
.



What are the different types of deep neural networks?
5SNAY &AYANI FE€EEFNPYPY FIENJEP GNNISNR ySf SNRA

1 O EPRI RSNAY &AYANI FE€TFNPYPY FIENJLEP G§NNI SNR
CSSR C2NBINR {AYAN ! EPY

11T PO 12Y0GNRBENYNYy 3IANRS {FaGYFYPYRI o0FoflRPEP
GNNNRNNXY . dz | 81 HMIG&EF Y PIBSRIFGEB1I0HANI FIAT A |
8Pt PY YSTFYyATYIFaP &2130dzNJ eNyY I N GSNRE SN & ¢
AANROGS odzAf dzyl'y | EPNI PlLtFNPY G2LX I YPYP |t PN
yontemirRS {1 dzf f I yPf YIF {1 0F RPN

Radial Basis Function Neural Network:

wlkRe&lf ¢SYStf cC2ylarezyfdz {AYyANI ! EPY

.dz GNNJ a8AYANI I €EP 3ASySttA1ftS 0ANRSY FI1fl 1-L
KSNKFY3IA 06ANI 12ydzYRFEY YSNISAK 22y NI PAr EPIE G a4l y
YSAAYGAETSNRA | yEitSYS]T AceAyZ 3INON YNY|INy 2fly
NBEaG2Nl ae2y aArAadaSYtft SNAYRS eledaPy 2fF NI {1 NIFRe

Multi-Layer Perceptrons (MLP):

421 YILOaYlLyEP 1 f£3PfLF@POPEINIoa[toy

Cokl] FadYlLytP I f3PtFre&POP 6a[t o O0ANI GNNJ AfSNR o
GF1ALI SRSy GlFYlFYSy o6FetlrydPtP {FAaYFytlFNRIY 2
1FradYFyZ 1 yOS1TA 1FGYFYPY GNNYRPEUPOHI BPYPTPE OO
2f YL@y AOfSQ@tSNI (2tSl1airez2ydzyRlIYy 2f dz0 dzNX» Y
AAa0SYEfSNA oN&N] | feNRS o6dz F€fFNI RIF&FyPND



Multi Layer Perceptrons (MLP):-

X1 v
\
\ o r
X2 - '___ A My
".__...:"".._..'J ey \ E
xﬂ s o, A # » O
iy SN S =
7N\ / 2
# : % e
Xn-1 h 4
I-II.-
Xn

What do you mean by endo-end learning?

el ly dzOF 1 ENBYYSRSY 1lFaidPyPl ySRANK

AN Y2RSEAY KIFIY @GSNRESNIS o0SatSyRAEA @S (N
2f YIRIY AaGSySy az2ydzOdz 2t dzo0dzN¥IF1 AcAy S€AI
FENJEP FRPYEINPY &APNIYEP 2fFN}F{ RSErlctat ey P |
dzOF | ENBYyYS:E 3ISySttA{1fS RFEKIF RNON] al LI A
ISNB1aAYAYAYA 2NIFRIFY 1FEfRPNXYI | @LyGlaPyl

| ENBYYS A@SNAREAYAT RS (dA tFylFoAf SOEBX FPYRINNI]
yonlendirilirler ve gorevleri yerine getirmek icin bir CN8ofpvolutional Neural Network )
1dzf € FyFENF 1 oO6Af3IAESNAR 202YFGA] 2tFNIF]1 | ENBYY
oF o1l A@A I NYyS{1= 1F@RSRAT YIAION YON\YNJ caoSRa] (1PEOA ONING
. dzNF RF1A Y2RSfX GNY FTRPYfINP @S 3II NBJt SNRA @
GNY T RPYTFNP |0 N®

What do you understand about gradient clipping in the context of deep learning?

5SNAY | ENBYYS o0 FINLOVIYFYIRI] PYNG IR &S/ HyH Pé 2 N& dzy dz
DN} R&ty YPNLIIX 3ISNR &l &PfPY &aPNIaPYyRI YS&RI
ON&N] KFdF 3aINYRelFyflNPYPYy O0ANR]JOAEA @S SeEA
RSEAOALT AT SNE ySR&EYIz2( IR dZE IdD 160 A &8P (RWENHZY X ceAdy2 N .
LI GEFYlFAaP &2NHzydzZz SEAGAY APNFaAPYRI SEAYE SN
3StYySaryS ySRSy 2fRdzZdzyRIF 2NIilF&lF Pl N» DN
RSESNI SNAZ 0SSt ANIRAYHENI RAYSINRIzYD D|SedS{ylel yt Sy
OANJ AAYANI I EPYP SEAGAN] SY alePalt {1F NF¥NIPEtP
SG1AaA G NRPN®



Explain Forward and Back Propagation in the context of deep learning.
Tt SNA ®Bt PSRARSNAY | ENBYYS ol &€t YPYRI | Pl fl

TESNA | @PfPYY ! EPY 3IANRA (1LFaGYFYyP AftS ePliP
F£fPNX | SNI IATEA 1FGYFYRIFETA KSNJI RNENYRS{1TA |1
1FOGYEFYPYR | &t NDIOWINI a2y NI 1A (FdYFylF &l &PfPez2N
2f N1 O0AfAYySy a2y oPldP 1lFGYFYyPyl 3Sceid2 Nz

DSNA _, F&@PftPYY ! EPY az2y (+aGYFYyPYRIY KFGF 0Af
myOS{A o EPY O6&IYyA &AYISHNEIYVIS 00 AKNIGE A V2ANNI Y IPS/ Py TR
F@FNPYP &@FLIYIFgANMNO-GCAF]| VM EANIPEF FPNI PTEFNT AyO
RNONNBoOoAfANI @S Y2RStAy 3ISyStftSYSaraya AeAf
ASGANBOAT ANBAYATIOO FESPNRA 1 R & RIPRY | MINNB @NIPE | 6 A
NT SNAYRSY @lF@FN}X{ owPlUP NNBUOUSOAfAN® ! NRPYRI
F1GADl ae2yt NP AcAy KIFGF GNNBGAYA KS&l LI I N
tirevini hesaplamakoeA y I SNA &l @PfFoAf AN @S GNY 3IAT A
5 K |1 y0OS StRS SRATtSYy GNNBGftSNA @S GNY 3IAT A
KS&al LJX I N» ! EPNIPLEIFINE O06ANI 42y NI 1A (rEOGYFYREY

What do you mean by hyperparameters in the context of deep learning?

5SNAY | ENBYYS o6F€tl YPYRI KALISNLI N} YSGNBE SNI A
| ALISNLI NI YSGNBESNE € (2LRft22AaAYA 61 NYSEAY
OmNYY mMEMBBUYSo St ANI S&8Sy RSEAO61SYt SNRAND a2z2R¢
Al LIYFeP 2LIAYAT S SGYSRSY 1 yOS @l NXIIlyPNI I N®

1 0F EPRI O6FTP KALISNLI N YSGNB | NYyS{1fSNA OSNRATEY
DATEA ({FAdYFYy &lF@&PaPY GS5NISyfAfSodANYEmMIS]TYAI]
R2ENMzt dz€dz | NIPNI OAf AN . ANAY alé&PaP 11 fdPfF

MENBYYS | PI PY mENBYYS KPIPZ O0ANI FEPY LI NI¥ YS
RNON] O0ANI I ENBYYS 2NIyP AfS efl®l &% MINEE NFYY $
| ENBYYS aANNBOAYA KPItFIYyRPNPNE FyOlF]1 &l 1Pyal
arzu edilir.



Hyperparameters Parameters Score

ﬁ niwyers = 3 Weights
fi_msifcns = 512 - N
hearning_rate = 0.1 optimization

n_layers= 3 Weight

Q n_neurcns = 1024 .Ell.g ?

bearning_rate = 0.1 optimization

A_lyerg m 5

A_npurcng = 156
bearning rate = 0.1

it o

Woeights Q2%
optimization

Difference between multiclass and multiabel classification problems.

Multi-Class Multi-Label

Only one output Can have multiple

class at a time output classes at once
421 APYPFEP 0AN &Py PWNNIY RIR NSO ALINPOOAI NDVAANAR/SA &R
APYPFlI O618&A0AYA 2ftYlLelty @Ser 2NIF1 1718tfA
APYPTFEFYRPNXYL LINEOf SYAYRSS 31 NBGEfSNI FIENJEP

APYPFEFYRPNYI  RINBAAAL 6 I ANRVFRNINID AmNNY/SSEIANTE | SRA
IANHzL) Kl @@ty F202&ENI TPYP aPYPFEIYyRPN¥YI]1Z KSN.
21 &aPYyPFE{P O0AN) aPYPTF{lIYRPNNI LINRPOfSYARANE
kategorize edileh f SOSEAYA 3II AGSNANY (1 LS FYF AlA&A

AYRA | O0FEPRIF{A NBAYA RSEAOGGANNS]T A&a0GSRAEAYA

48




. dzl F NPRIF1TA NBaAYZ KSNIAlA OlytPeP RIF o0SOAYT S
SRAf YSEARANY 4271 SdpfdabRlf AKSNINI MPYPTF t 6 ¥ RIPSIIA |
#3S AaPYPFELFNI 6ANDANRYA RPoOtFYFIT & 421 SGA1SGf .
RFEKF FFETtF aPYyPFlI FAG 2fF0Af AND

Explain transfer learning in the context of deep learning.
5SNRAY | ENBYYS o6F€fFYPYRF GNIYaAFSNI I ENByYSea

A

I'10FNPY | ENBYAYAS OSNR O0AfAYOAt SNAYAY Syl s
| ENBYAYA Y2RSEAYRSY | ENBYRALTSNAYA 1dztt|yY
.dz | ENBYYSRSZoAKVAMEVSINIANIRR | {GF NYIF &@SGSySea
.AAA1ESGS o0AYYSE@A | ENBYANBRSYAT T RAESNI A1A

| ENBYSOAfANBAYAT @ hiG2y2Y 2G62Y20Af ANNNON A
AeAy RS ndzStf I AR ff ISONA (OASNID EPNI P1f I NE &@8SyA Y2RS
1dzf € FyPEYFAPYF AT AY OSNAN® {PYPNIP OSNR 2fF
FLaFNPY | ENBYAYA SGQ1LAfTA O0ANI OSTAfTRS cel f POPNK

Training from Scratch

95’%
Learned [ ] Tr I..I.l':k x
Features -
[

Bicycle ¥
Transfer Learning

ngﬁﬂnm Mew Task

Truck X

,dzl FNPRFE1TA 31 NNYBNRSZRSAA] aRX¥FPNRNYY SEAGYSeA
RAGIFANIYZ TFINJEP INIoe APYPFEINPYP aPYPTFEl yR
SEAGATYAD O0ANI Y2RSEAY (dz £ yPEYlIAaPYP GSYaat



What are the advantages of transfer learning?
'10FNPY e2ftdzetl | ENBYYSYAY | @lyidlratl NP yStSH

CNFYAFSNI | ENBYYSYAY FF@FyidlFa2tl NP o6dzyf I NRPNY

5/ K A@A o6Fo6ofly3aPoe Y2ZRSEAY S5AESNI I ENBYYS ely
CNFYYyaFSN | aRBYVENRIOKIOGE I yIPe y210FaPRPNI Ny ]
oAf YSRSY 31 NBZf SNA RIFIKF N&d RNT S@RS 3ISNIeS|ftS

5 K @8N1a4S17 |1 ENBYyYS 2NXyPY tNRoftSY TFGS
| ENBYYS SEAGAYE BRPOX BIPYENBRY K 2 KIPYPY Il AT A

vy U

y 0
y O
9EAGAYRSY &a2yN} RIFKIF &N1aSl R2ENMz dzl Y ¢NI ya-
RFEKF &@N1a4S1 | ENBYYS 2NIyP al @ 9ANY RS NRIVK 1 ERZ
Y2RStAYAY RFEKIF &N1aS{ O0OANI LISNF2NXIYya RNI Se&Ay

Is it possible to train a neural network model by setting all biases to 0? Also, is it possible

to train a neural network model by setting all of the weighte 10?

Time I yf PEUR] fHE&WPNI | @ N 1 O0ANI AAYANI I EP Y2RSft A
FEPNX PTEIFNP ndl | eFNIFelI N}l OANI AAYANI | EP Y2

Evet, tim@ | Yy RPPPNE NI &1 NI I yal oAt ST AAYANI I EP Y2F
| FRP AAYANI FE€EP O6AN) II NBOA GFYFYELYlLE&P Faftl
F@FNIF&@FNFX{ O0ANI Y2RStA SEAGYS] AY(llyaPi RPN®
GNNB Gt SNJ altoAd (+FfPNE o06dz RI yI NRYf hedddy KSNJ
2fdzZN» ! EPNI Plf I NPy KSNKFy3IA o06AN aloAd oFofl
sonug Uretecektir.

What is a tensor in deep learning?
5SNRAY | ENBYYSRS (G4Syal NJ ySRANXK

¢Syal NE @S1G1I NI SNAY @S  YI { NJektb&nn wir daidiry St £ S o
5SNAY | ENBYYSRS (dzfFyPftly G4SYSE GSNR &l LIPE |
28dzif dz RATAESNA 2t N1 GSYaAf SRAfAND ¢Syal
FYFEY O0AfAYANID NYSNVMY &&HWAPT O & dziAfNI NARyE &l @ Pa
AtAYYSAA YNY{NYRNNW 42€dz A0fSYX IANRAT SNA
AftAYSYy G(GSyal NI SNJI OSNANE |yOF]1 RAESNI RdzNHzYf
'Yl YyPYRIbiliro St ANI Sy S

) O O =/ O



A tensor is an N-dimensional array of data

L
[
1
1
I
|
Rank O Rank 1 Rank 2 Fank 3 Rank 4

Tensar Tengor Tersar Tendar Tengar

Explain the difference between a shallow network and a deep network.
{PE € AftS RSNRAY € IINIYaAaPYRF{A FIEN]JP | eP] €I ¢

| SNJ &AYANI I EPYRIF O0ANI IATEA 1FAdYFYy AfS TFANRS
bir gizli katmana sahig f I Yyt I NRPNE 2@a&l RSNRAY aAyAN FE€FfLFN
AaPE KSY RS RSNAY €t NJ KSNKFyYy3aIA O0AN) Aot SO
LJ N} YSGNBaA 3ISNBLUANAN]ISYZ RSNAY FFE€fIFNI o0Al
parametresi® A 0f SOt SNBX dz2l 0Af AN az2RStfX KSNI {FaYl
| ENBYRAEAYRSYS O6dz yRI aPe€ €t N @8SNAYS RSN
LI N} YSGNB alePaP @S KS&l LX FYFEFN | ePaPyRIYy R

Shallow neural network Deep neural network
hidden layer
input input hidden layer 1 hidden layer N
layer 7 layer
output ; / \
layer < / output

\ . layer

Hand-designed feature exraction Learmn a all the way from input to output data



Explain Batch Gradient Descent.

¢2L) dz 5SNBOStA TYAOY ¢2LJ dz 5SNBEOStA TYyAOI K
ASNB{GANANI 03INIRElIY AYAOAYAY KSNIJ I RPYPYRI @&§¢§
2f Rdzl el & @1 60 PN RABYWdree 55RIONY (I KISGOKI DMF |

LI KFfP KFEES 3SEAND . dzx RPOoN]Se @Sel o0ANIIT I
DN} RASyid 5S5a0Syidz I1TSttftA1TEtSNAY ale&PaP I NIGP]
Batch Gradient Descent

Explain Stochastic Gradient Desd. How is it different from Batch Gradient Descent?
Stochastic Gradient Descent:
{G211Fa0GA1 DNIRelYy TYAOAYA | ePlfl&@Pyed . I G§OK I

{G21FadA] 5SNBOStA TyAaoyY {G21FaidA]l 5SNBOStA
SEAGAY &ASUAYAY (dAflyPtYlFraP 2fly ¢2L) dz 5SNB
FYFof F NP . dzZ2 R2E€EFaP 3ISNBEA aid21FadA]ladANE &t
| NYSEAYA &dS®eSNI @S | NRPYRIY 3NJ RBkdyhR azk/&ia I LI | |
2f RdzEdzy Ry ¢2LJ dz DN} Rely TyAosUGSY | ySYtA |f
1PaAaPGELFYYlFIYPO 2LIAYAT I aé&2y LINROfSYt SNA Aciy
0ANI RST I @lIyilaP @ NRPNE ociPERYRKNAENGA G IYIYWKRY]
8SNAYS &aSTSNB] O0ATS Y2RSft LI NI} YSGUNBf SNRA A oA
T PLXTFYILE&P FiFEdlrOF]T @S 06ANJ ANNB &2y N} { D54y}
2fy KSNJFRPYRI | ENB¥NMIE 2Nl YyYPYP RNOINNBNB| cel
T1A&EA FNYAPYRF{A FENJEFN ddzyf I NRPNY

Gradient Descent Stochastic Gradient Descent



¢2L) dz DN} R&8Fy TYyAO

f DNI Re8lys GNY SEAGAY OSNR {NYS&A “[dszIy'PfI
T {G21FradA1 DNIRelFYy TYAOGSY RIKI &F@FolPN €
T . N&@N1 Se€AdAY I NYS{EtSNAR AceAy | ySNAtYSI o

f S2EIRBIISNYAYAEZGATGANI 0N 23G3StS RSEAT VO

T . F1PYyalkYF]l Aceiy @SGSNIA TFYlFY @OSNAfRAEAYR
f +SNR y21a01FfFNPYP NIadasStsS 1IFNPOGPNXIF&F 3S
f .dzy Rl aPE @SNKf YAyAdeYfINRIy Pl YF1 T 2NR
. dz RdzNHzYRI &I 1 PyalyYl &I @ 60PN

{d211&a0GA1 DNIRely TYyAOD
GreRe8 I YyP KSalF LI FYlF] AcAyYy GS1T O0ANI SEAGAY | NJ
. FGOK DN} RASYyl# 5Sa0SyiyRSYy RIKIFI KPItP @S
. N&N1l SEAGAY I NYS{1ftSNR AceAy lyéNJ\fANJcD
52l &P 3ISNBEA au21|au7\1u7\NJ ONI aG3astSvo
T&8A O0ANJ el INY al€fIINE yOF]l Sy A@A&aA RSEA
+SNA | NYSEAYAY NIad3aIStS o0ANI aPNIRIF 2t Yl a
ASUAYA 1FNPOGPNI OF €Pl o

{ PE B@SNBf YAYAYdzYft I NRIY {1} oYl 6
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Which deep learning algorithm is the best for fadetection?
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Spherface.

What is an activation function? What is the use of an activation function?
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Activation Function

a= 0o (2) B

D=a<l)

- * *
b — z=w, *x+b*x_

What do you mean by an epochs in the context of deep learning?
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While building a neural network architecture, how will you decide how many neurons

and the hidden layers should the neural network have?
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Can a deep learning model be solely built on linear regression?
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According to you, which one is more powerfula two layer neural néwork without any

activation function or a two layer decision tree?
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How does Recurrent Neural Network backpropagation vary from Artificial Neural Network
backpropagation?
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What exactly do you mean by exploding and vanishing gradients?
Patlayan ve kaybolan gradyanlarla tam olarak ne demek istiyorsunuz?
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What do you know about Dropout?
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(a) Standard Neural Net (b) After applying dropout
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Differentiate between Deep Learning and Machine Learning.
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Machine Learning

Mot Car

Input Output

Feature extraction Classification

Deep Learning

Z/t’"":x 2—/"’“# Zé'< Mot Car

Irpiit Feature extraction + Classification Qutput

The following table illustrates the diffeence between them:
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Explain the different types of activation functions.
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Activation Functions

Sigmoid ' Leaky RelU
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Convolutional Neural Networks (CNNSs)
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In a Convolutional Neural Network (CNN), how can you fix the constant validation
accuracy?
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Long Short Term Memory Networks (LSTMSs)

LSTMs are a type of Recurrent Neuxatwork (RNN) that can learn and memorize long
term dependencies. Recalling past information for long periods is the default behavior.

LSTMs retain information over time. They are useful in tgs@ees prediction because they
remember previous inputs. I#s have a chaithke structure where four interacting layers
communicate in a unique way. Besides tiseries predictions, LSTMs are typically used for
speech recognition, music composition, and pharmaceutical development.

How Do LSTMs Work?
1 First, theyforget irrelevant parts of the previous state
1 Next, they selectively update the csliate values

1 Finally, the output of certain parts of the cell state

Below is a diagram of how LSTMs operate:
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Recurrent Neural Networks (RNNs)

Recurrent Neural Network (RNN):
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Stateful Model
Input; Output:
a Word Most likely next word

Recurrent

Neural Network

Memory of previous words
influence next prediction

Modular Neural Network:
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Independent Network

Inputs
Output
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Sequence to Sequence Model:
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Deep Belief Networks (DBNs)
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Below is an example of DBN architecture:
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Autoencoders

What are autoencoders? Explain the different layers of autoencoders.
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,dzl FNPRF1TA NB&AAYRS 31 NRNENYNT 3JFA0AZ JIANRA |7
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Mention the applications of autoencoders.



hi2YFGA]l 12REFI@POPEI NPY dz23dzZ F YITFNPYRFEY o0 K
hi2YFGA]l 12REFI@POPEENPY dz23dz F YI T NP o6dzyf I NR

Goruntt Guriltisiuni Giderme: Goérintileri gbirii NRSY | NPYRPNXY IS 202 YL
21 O0lFO6FNPEtP 2fRdzEdz 6ANI 6 SOSNARANI DNNNCE (Nf
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DI NNYdN wSyl1fSYyRANXYSY {A&FrK o6Se&FT oO0ANJ 3l NN
202YF0A1 1 2RfF@POPE I NPY dz23dzf | YFEFNPYRFIY 0A
RI YNOGNNBOAEANRT o

+SNA {P]IPOUPNNIY +SNA aP|]dXOTGIPYNBYElII OMEMYNIDZ (| 2AWT
YSRSYyft SNRSY yRBDSINRP ay | PONBPNYI AceAy {dzfl yPt-
12Rf I @2POPYPY eP{POP IANROGES F@8yP RSEAf RANE
APl POGPNYI AceAyf FOAYNI BN 2S®EES] IRSEN hi2VYI
SEAGATRATESNA OSNAESNIS LeyP 2fly @GSNRfSNR 2
| ENBYYSEtSNA o6 1PYPYRIY 2LJS3 @Seél 3T ALI IAO0OA
Tl NRE PRP {2ydzoe 2f 1 NF 12X St€tS &Fl PEYPO NITLIYEL
AP1TPOGPNPELFOF] OANI YIFYTFENY F2042ENF FTPYP GF KYA
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GesF FNBe& I Ayili2yTE wmopyndtft SNRS RSySGAvYaal | €NB
12REFT@POPEI NI GFA&AFNIFRPD® SNRAESNAR 3IFANRA (FdY
FE€EFNPRPNXP hi2YFGA]l 12Rtl &@POPEINE Tebidl al GAj
FYFoef I NJ AceAy dzf £y Pt PN

hd2YlFG0A1 Y2Rtl @POPEI NI bl aPt 41 fP6PNK

AN 202Y1FGA] 12REF@POP Noe Yyl 0AfSOSYRSYy 2fd
AnhG2YFGA1l 12RtFI@POPEFNE O6ANJ IANRA |t OF{ ¢
&L LIPE | Yy BPNOPE VARYINBENI2 NA 2A Yy JIANRAEA YNY{N
8SYARSY 2f dzoldzNXYIF &F el f POPNI I NI

A AN NI {FYPY 3INNyGIGNaN ySid 2t NF{1 31 NNf Y
beslenir.

AhiG2YFGA1 12RfIFI@POPEI NI yOS IFturhiNafiaikbichsN 1 2 Rf
bir temsile kagultur.

A{2y 2t N1z 202YFTGA]1 12RflI@POPZ @SYyARSY
gOrantinin kodunu ¢ozer.
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Genetik algoritma (GA), belirli bir soruna iyi ¢éziimler bulma umuduyla yeni genotipler
NNBGYS] AceAy Ydzil dez2y @S ol LINFTEFYlF 3FA0A &I
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| YGSYAY FTRP aDSYySGA]l !'E3IA2NAGYFEIFNE 2 NI @

(04

Geneh 1 ! ft A2NAGYI I NE &aNNBoef SNA Y2RSt 2¢ NI {1 |
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Genetik algoritmalar, bilinen yontemlerle cotzilemeyen veya c¢6zim siresi problemin

ON&N]ftNENYS 3II NB 2fRdz] cel FIT 1 eR{PY BIRF dzteB
BSNBOoATSY o0ANI &l yiSYRA NI -Potimonhal obnbiyar) @dblemiler S bt
@ yPYyRI 38T 3Ay aliPOPXI {FNBasSt FdFYlFY &SNIS6
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mMNYSEAYSET {NRBY212Y O06ANJ LINRPO6f SYRS | eePX 0 2@ dzi
RALRINGISY LINRT YIFaAPYPYy | feNfSNAYRSYy o6 3ASyAiof
INRBY2T 2Ydz 2t dzoéidzNT y ISyt SNRVRS | NBSW2STG2A Y £ | INOP3
AeAy INBY2T2Y GFyPYTI NP w1 A@A AFFIRS SRATYS

POPULASYONY NP Y21 2Yf I NJ @gSel oANBef SNI (2 L) dzZ dzE dzR
LINEOESY AceAy IEfGSNYFGATF ol TNYESNI {NYSEARAND
vS LINRPoOof SYS (HH NWNBTRAWRIY yPOIPA NI SYAND % ePF 2
FfYF]0dF RPN

DSYySGAl ' f3A2NRGYIFE NI bl aPt 41 fPoPNK

1.! RPYY htl &P ol I NYtE SNAY 12RftIFIYRPEP 0AN o
oA@2f 22ARS1 A OLSYUIBINE BAEAY YBIRISNWNIRSNERAY 1 2RfE I N
IRt F YRPNPE PNXP . dz FRPYl LJ2LJz | 482y Rl 0dzf dzyl
icin bir standart yoktur. Genel olarak onerilen 106 nn | NI f PEPY RIF 0 A NJ
.N&8N]1ftN] aSEAYEIPRBYSRALRNIYPADPSES® OS I NI YI
t 2LJdzf | A2y o6dz A0f SYRSY a2y N} NI}I&a3ISEtS 2f dzo i
2. RPYY |1 SNJ {NRY2T12Ydzy yS (FRIFENJ Aé@A 2f RdzEdz
2f Rdz€Edzydz odzE Iy F2ylarez2yl dzé 3dzyt dz2l F2y 1 a
INRY21 2Yt I NPY dz23dzyfdzlfl NPYPYy odz dzy YI APy |
F2ylairez2y 3ASySGAl FEtA2NRGYFIYPY O0SeyAyr 2f
1S1 1PAPY 0dz F2y1aA82yRPNY 42€dz I +FYlLy DI
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Basla

lik Popilasyonu Olustur

Durdurma Cogalma
Kriteri (Secilme) islemini
Saglamyor mu? Uygula
k=K k+1 l
i i, o Capraziama
Islemini Uygula

I

Mutasyon
Islemini Uygula

Genetik algoritmanin akg diyagrama.

Genetic Programming Background:




CrossoveY O0ANJ NAG LINPIAINIF YRF{A OANI YIFITAYSRS|TA AOf
OANJ YF1TAYSRS1{A A0tSY RATA&AAEES O0ANISOGANRY D
Example 1
Cut Point

‘\\\\‘

P1=[213456] 01=[2132576]
P2=[431257F]- 02=[4314567]

Example 2. Partially Mapped Crossover

Cut Point 1 Cut Point 2
P1 = 213\;1\567 - 31
= ] 01=[4312567] .,
P2=[4312576] = 02-1134576] i

Omekit MURSY | f Pyl y2 WX {SINBRY PrdaiS tlH URSY | § Pyl yf
korur.

Cut Point 1
~
P1=[21345|67] ' 01=[2143576]
P2=[43125]|7 6] 02=[4321567]

OmekmNY S1 oUS o6SYyT SNIFyOFE]l W 3SceAo y210FaP oI

Cut Point 1 Cut Point 2
\.\‘ /
P1=[21345|67]
P2 =[43125]7 6] — 01=[3451276]



Ornek:
 6F EPRF{A AFIRS&A {FNBPEF&ry D! U&P {dzZ £yl NI

2a+ b =57
Herhangibi2 LJAA YAT | d82y LINRPOf SYAZX O0ANI I Yl e F2y 1 aAcé
06S1TAftRS @1 PEFOAEANY
f(a,b)= 24+ b-57
C2ylarezydzy RSESNRAYAY n 2f Rdz€Edz |yt 6Pt Yl
F2ylaArez2ydzydzZ RdzZNJ @S | YI e | @& objekifR@GiiBoNdn S NR& v A
RSESNRA aAPFPNI AYRANRTE ANID

Ornek:

A1 (0]o0|0]0 Gene A1 [o|lo|ofofo|oO

o]

A2|/1[{1][1|1|1]|1]||Chromosome A2 %i‘ll1 111
111
110

A3 |1/0(1|0

A5 [1]/1]1][0f0]0]

A4 [1]1]0]1

Population

A6 (0/olof1]1]1




Ornek:
| RAf 0ANI 2S0G2ydz cn ST FiPe2Nuzd &S ok EPRITA
s = 1111010101 f(s) =7
s,=0111000101 f(s) =5
s3=1110110101 f(s) =7
s4= 0100010011 f(sy) =4
s5=1110111101 f(ss) =8
ss= 0100110000 f(ss) =3

{ SeeAYA @FLIWPlLGlIrY &2yN} FoFE€PRF{A LRLNflFaegz2yd

s =1111010101 (sy)
s = 1110110101 (ss)
s =1110111101 (ss)
s = 0111000101 (s)
s = 0100010011  (sq)
s =1110111101 (ss)

{2yNl ONR&AaA2OSNI AceAy RATSESNR SofSoiANRER2 Nz
31 NS ONR&A&a2@BSNI &l LIPLISaddcd diftlerYiging($1", 421) M (88, 63 NA NA
crossover yapmaya kakd OSNRAEAYAT A O NEIF&FfPYD | SNI oehs
Pl NPNPIT = | NYSEAY. 0ANRYOA AceAy H @GS A1AYyOA

Before crossover:
s; =1111010101
s, =1110110101

s =010000011
s =111011101

After crossover:
s =110110101
s, =111010101

s =0D0011101
S =110110011

{2y FTRPYZ N} &ad3asStsS vYvYdzilaezy dz23dzZ Y] iPNyY @&
1 NeN] 0ANI KFGF 2t aPt PEPYL AT Ay GSNA&@2NHzZ ol
Mutasyonu uygulamadan 6nce:

s =1110110101



s =1111010101
s =1110111101
sy =0111000101
s =0100011101
S =1110110011

After applying mutation:

s = 1110100101 f (s
s =1111110100 f (s,
s = 1110101111 f (s
s = 0111000101 f (s
S
S

= 0100011101 f (s
"= 1110110001 f (s

N N N N N N
1
O U1 U1 0 N O

AN ySAAETRSE (2L Y LIRLINflFaedz2y dz2 3IdzyBudz€Edz or
y210FRIFE 06AN) RAINRAzNXY I {NARAGSNA ({FNBPEIFYFYlF {F



Ornek:

A, B, C, D, E, F olmak lizere 6 durumum olsun. Her bir durfgedaten)RA € SNJ 6 NG Ny
R dzNHzYdetleleA S ;eA 6 Y N Y TuNdurunfa@bitzgiefa muhakak ziyaret edilecek.
O halde 5!=120tur mimkindir. ¢ dzZNE  KSNI F Yy ' QRFyYy o6l ot &l

R2f

FSPEF OF ] &2Yydzy RIS RNSPYAIRIONG |1 NI-&d P yRR Iy NN S5CE8G £ a6

ABDFECA

Bu problem Genetik Algoritma ile ¢dzulurken,

T

Uygunluk fonkisyonu secililygunluk fonksiyonu meseler olacak mesafeyi en aza

indirilmesi gerekiyor.

PpNf I ae2y ON@N]lfNENX {loe e I NYRSYy 2fdz!l O
960S@Sey aSIAYAZ c ITNY ddF@PyRF{TA TFFENJEF
2f dzo G dzNXzf | OF { ©f Pwézl FGSYB81 SNI SEAZT &APNI
AFLINITEFYEFEZ A1A GdzNRFY @SyA 0ANI (GdzNJ 2€ dzo (
y21a4lrtP YPK

adzil ae2y 2Nl yPx 8SYA (dzNJ 2f dzo (0 dzNXzf Rdz] |
RSEAOGGANRE YSaEA

. AGANKS I NI PZ A (A9 Nel-Pagel 2 ydzt 3 FO_YR 3AFR/ PWP 30 Sdz@A
0StEANIA O0ANJI RSESNAYAY It dPYRI @Se&F NailNyR

OncelikleR dzNHzY f I NJ 60 3 SaafASKIS 1 NJosl B WRT ¢ (i dRNIERIDZYE dzoNd: dENg-
2f dzo G dzNHzf | OF 1 (GdzNJ &l @ PAPIrpHIMuHA FENJEP §dzNJ 2

Turl:ABDFECA
Tur2. ACEDFBA



.dz A1TA GdzNJ {SYRA F N¥ f NPYRF ocel LIN)TEFYLF&lF GF o
y210FfP 2fF NI 1 &t LIPft aPyod

Turl:ABDEECA
Tur2. ACBBEBA

, SYA GdzNJ 2f dzo (G dzNHzf dzNA B Y OM N&A ¢zQR I yi dZNRS Yy A § & § C
1PaPYRF 2fFyflI N 0ANRYOA {PaPYRI @FNJ AasS | fF
2t YF@FyEt NI PYyN®

Tur3: ABFBA=ABDFCEAolur.

adzi a82ydz &8l LI N] Sy

i R 03Ny ® dZNHS Y2 P
0ANI RdzNHzY 603Sy0 RSEAODI

X
y © {1 T3StAYA . C

Turd: AEFCBA2 f dzNJD 9 RdzNHzYdz A1A FRSG 2t YlFe&l Ol €
Boylece mutasyonda#d 2 Y NI 1 A G dzNRI St RS SRAfYAO 2f dzNW

.dz FoFYFEREFEY &2yNE dz& 3 dzy f dz] F2ylaAarez2ydz KS
el TNYf SNRSY RIFKIF 1Pal YS&al¥S AaSkaBuhairNI cel |1
9e€SNJ RSeAfasS | f RNNNf NN

a
N

|l RPYf I NP aPNIflNBEIF]Z
f 10tanedo F 6 f | YIPoe oceluurNYNY N 2f dzd (i dzNJ
T 1 SNDPANI cel TNY AcAy dz23dzyyf RN F2ylaAiez2ydz RSE
T . F6fFy3aPce c I NYIt SNAYRSY A1A GlyS SoS@gSey
T 90S@Seéyft SNI NI SNAYRS o LIN)TEFYlF &F LIt PN
1 Mutasyona tabi tutulur.
T . SYyA& OANBRE@AY dz23dzyfdzl F2ylaAiézy RSESNR K
T .SYyA oO0ANBe | fRNNNfSOS]T YA @&21al L}R2LNfI a

asStSiarez2y AOfSYA el LJPt PN®

f .AGANNXYS OIFNILP al€ftlyRP YP RAES {2y iNRt S

Tk



8.t euK2Y

1- python.org
Download
All Releases
Pythonreleases by version number
Python 3.9.13
b2dY aSddzL) 1 dzNHzf dzYdzy Rl LI 6K &SceYS RIKAf A

N1f SYS

2- https://www.anaconda.com/products/distribution
Dowload(uzun surer)
Setupinstalledi A N Sy = 1 dzii dzOdz] £  NPY aSeiAYAYyS RA{11|
L'y O2yYRE bl @A3Il 42N | dzNHzf dzYdz & LIPY

3- Editor
https://code.visualstudio.com/
Download for Windows

4- 41 f POUPNIPE PN] Sy
Lyl O2yY Rl bl OAJaNRREY
+{ /2RSS &aSeAfAN® [Id

o0& 10Tt PHIPNISY NSy G SNJ & | LIP
zy OK & LJPf PN

Pandas
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1. Machine Learning (ML) Algorithms For Beginners with Code Examples in .Python
https://medium.com/towardsartificiakintelligence/machindearningalgorithms
for-beginnerswith-python-code-examplesml-19c6afd60daa
2. https://lwww.w3schools.com/python/python_ml_getting_started.asp
https://www.tutorialspoint.com/machine learning_with _python/knn_algorithm_fin
ding nearest_neighbors.htm
https://brilliant.org/wiki/feature-vector/
https://stanford.edu/~shervine/l/tr/teaching/cs229/
https://stanford.edu/~shervine/l/tr/teaching/cs221/
https://stanford.edu/~shervine/l/tr/teaching/cs230/
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https://www.tutorialspoint.com/machine_learning_with_python/knn_algorithm_finding_nearest_neighbors.htm
https://brilliant.org/wiki/feature-vector/
https://stanford.edu/~shervine/l/tr/teaching/cs-229/
https://stanford.edu/~shervine/l/tr/teaching/cs-221/
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