1.2.1
HanuwuTte ¢uHkuuw sum_range(start, end), koTopas cymmupyeT Bce uenble 4ucna oT 3HadeHus «start» go BenuyuHbl «endy» BknwduTenbHo.

Ecnu nonb3oBaTens 3agacTt nepBoe 4ucno bonbwee 4em BTopoe, npocTo noMeHsdTe ux MecTaMmu.
def sum_range(start, end):
if start > end:
end, start = start, end
return sum(range (start, end + 1))

print(sum_range(2, 12))
print(sum_range(-4, 4))
print(sum_range(3, 2))

Program output:
77
4
5



1.2.2
HanuwuTte pekypcuBHuw ¢ouHkuuw BbiHucneHus dakTopuana Ha sisbike Python

def fact(num):
if num ==
return 1
else:
return num * fact(num-1)

print(fact(5))

Program output:
1208



1.2.3
HanuwuTte ¢uHkuuu B Python, koTopas Boiqucnsiet EBknugoBo pacctosHue mexgy gBumst maccuBamu NumPy.

import numpy as np
def euclidian_distance(vl, v2):
return sum((x-y) *x 2 for x,y in zip(vl, v2)) *xx @.5
x = np.array(l@,8,81)
y = np.array(l3,3,31)
print(euclidian_distance(x,y))

Program output:
5.196152422786632



1.2.4
HanuwuTte 4 ¢yHkyuu B Python, koTopbie paccyuTtbiBawT kBagpat EBknugoBa paccTtosiHusi, B3BeweHHoe eBknugoBo paccTosHue, XemMmuHroBo
paccTosiHUEe u paccTosHue YeboiweBa mexgy gByms maccuBamu NumPy.
import numpy as np
def sgr_euclidean_distance(vl, v2):

return sum((x - y) *x 2 for x, y in zip(vl, v2))
def weighted_euclidean_distance(vl, v2, w):

return sum((x - y) *x 2 x s for x, y, s in zip(vl, v2, w)) *x @.5
def manhattan_distance(vl, v2):

return sum(abs(x - y) for (x, u) in zip (vl, v2))
def chebyshev_distance (v1, v2):

return max(abs(x - y) for (x, u) in zip(vl, v2))

Xx = np.array(ls,8,81)
y = np.array(l3,3,31)
w = np.array(ls,s,11)

print(sgr_euclidean_distance(x,y))
print(weighted_euclidean_distance(x,y,uw))
print(manhattan_distance(x,y))
print(chebyshev_distance(x,y))

Program output:
27

W ww



1.2.5
B Python ectb BcTpoeHHble ¢uHkuuu gns BeiqucneHust pacctosiHul Mexgy BexkTtopamu. Mbl bygem ucnonbzoBaTtb NumPy gns pacdeTa paccTosiHUS

gns gBux To4ek, MNOCKOMbKY paHee pacCMOTPEHHble CTPUKTYPbl gaHHbiXx MOryT boiTb nepeBegenbl B Numpy maccuB c noMowbkw cneyuanbHbiX
dyHkyuuld. Hanpumep, gng cepud ato bygeT Boirnsgetb cneguywwum obpazom: seriesName.to_numpy().

fina ygobcTtBa Busayanusauuu u aHanusa pe3ynbTaToB B ganbHelwux pacyeTax bygem ucnonb3oBaTtb 2 To4ku B 3-x MepHOM npocTpaHcTBe
import matplotlib.pyplot as plt

from mpl_toolkits.mplot3d import Axes3D

fig = plt.figure()

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

ax.scatter(@8, 8, 8)

ax.scatter(3, 3, 3)
plt.savefig("1.2.5.1.png")

Program output:






1.2.6
PaccyuTaTb paccTosHus Mexgy gBuyms Todkamu c ucnonb3oBaHuem MeTogoB onpegeneHus paccTosHul, npegcTaBneHHbix Boiwe.

import numpy as np

Xx = np.array(l@,8,81)

y = np.array(l3,3,31)

w = np.array(lg,s,11)
#PaccTtogHue EBknuga
print(np.linalg.norm(x-y))
#KBagpaTt EBknugoBa paccTtogHus
print(np.linalg.norm(x-y) xx 2)
#PaccTogHue YebboiweBa
print(np.linalg.norm(x-y, ord=np.inf))
#PaccTogHue XeMMuHra
print(np.linalg.norm(x-y,ord=1))

Program output:
5.196152422786632
27.0

3.8
9.8



1.3.1

3agalite 4 To4ku B TpexmepHoM npocTpaHcTBe, paccHuTalTe Mexgy HUMU pacCTOosiHUS Mo onucaHHbiM B nmpumepe Bolue MeTpukam. OtobpasuTe
To4ku B TpexmepHoM npocTpaHcTBe.

import matplotlib.pyplot as plt

from mpl_toolkits.mplot3d import Axes3D

import numpy as np

fig = plt.figure()
ax = fig.add_subplot(111, projection = '3d")

= np.random.randint(5, size=3)
= np.random.randint(5, size=3)
np.random.randint(5, size=3)
= np.random.randint(5, size=3)

o0 oo
1

print("PacctogHue Mexgy 1 u 2 Toukol:")
print(np.linalg.norm(a-b))
print(np.linalg.norm(a-b) xx 2)
print(np.linalg.norm(a-b, ord = np.inf))
print(np.linalg.norm(a-b, ord=1))

print("\nPaccTogHue mMexgy 1 u 3 Toykol:")
print(np.linalg.norm(a-c))
print(np.linalg.norm(a-c) %x 2)
print(np.linalg.norm(a-c, ord = np.inf))
print(np.linalg.norm(a-c, ord=1))

print("\nPacctogHue Mexgy 1 u 4 Toukol:")
print(np.linalg.norm(a-d))
print(np.linalg.norm(a-d) xx 2)
print(np.linalg.norm(a-d, ord = np.inf))
print(np.linalg.norm(a-d, ord=1))

print("\nPacctogHue Mexgy 2 u 3 Toudkol:")



print(np.linalg.norm(b-c))
print(np.linalg.norm(b-c) *x 2)
print(np.linalg.norm(b-c, ord = np.inf))
print(np.linalg.norm(b-c, ord=1))

print("\nPaccTogHue mMexgy 2 u 4 To4kol:")
print(np.linalg.norm(b-d))
print(np.linalg.norm(b-d) xx 2)
print(np.linalg.norm(b-d, ord = np.inf))
print(np.linalg.norm(b-d, ord=1))

print("\nPacctogHue Mexgy 3 u 4 Toukol:")
print(np.linalg.norm(d-c))
print(np.linalg.norm(d-c) xx 2)
print(np.linalg.norm(d-c, ord = np.inf))
print(np.linalg.norm(d-c, ord=1))

ax.scatter(alB],all],al2], marker =
ax.scatter(bl[B1,b[1]1,bl[2], marker = "v")
ax.scatter(clB1,cl1]1,cl[2], marker = "<™)
ax.scatter(dlB1,d[1]1,d[2], marker = ">")
plt.savefig("1.3.1.1.png")

Program output:
PaccTtogHue mMexgy 1 u 2 To4kod:
3.8

g N w
000 ®

PaccTtogHue mMexgy 1 u 3 Toukod:
4.242648687119285
17.999999999999936

4.8
5.8



PacctosHue Mexgy 1 u 4 Toykol:
3.0

w w w
o000 ®®

PaccTtogHue mMexgy 2 u 3 To4kod:
3.31662479683554
11.0

3.0
5.0

PaccTtogHue mMexgy 2 u 4 Toukod:
2.449489742783178
5.999999999999999

2.8

4.8

PacctosiHue Mexgy 3 u 4 To4kol:
4,58257569495584
21.0

4.8
7.8






1.3.2

CozgaTb 5x5 MaTpuuy co 3HadeHusiMmu B cTpokax oT @ go 4. [Insg cosgaHus Heobxogumo ucnonb3oBaTbh ¢GyHKUUK arange.
import numpy as np

Z = np.zeros((5,5))

Z += np.arange(5)

print(2)

Program output:

(. 1. 2. 3. 4.1
(6. 1. 2. 3. 4.1
(6. 1. 2. 3. 4.1
(6. 1. 2. 3. 4.1
(6. 1. 2. 3. 4.11]



2.2.1

B npumepe nokazaHo cosgaHue 2d-maccuBa co 3HadeHusmMu x u Y. Cnucok target cogepxuT BosmoxHbie BbixogHble knaccel (YacTo HasbiBaembie
MeTkamu) . flanee npoucxoguT obydeHe knaccudukaTopa k-bnuxalwux cocegel Mo ucxogHbM gaHHbiM. [lanee npous3BoguTcs NpoOrHo3
npuHagnexHocTU K KnaccaM gns gByx To4ek gaHHbIX.

from sklearn.neighbors import KNeighborsClassifier

import numpy as np

#gaHHble
X = np.array(lfrf-1,-11, -2,-11, -3,-21, (1,11, [2,11, [3,211)
target = [B, B, B8, 1, 1, 1]

#obyyaem mogenb k-bBnuxaluwux cocegel K gaHHbM
K =3

model = KNeighborsClassifier(n_neighbors=K)
model . fit(X, target)

print(model)

#tgenaem nporHos
print('(-2,-2) is class"')
print(model .predict([[-2,-211))

print('(1,3) is class')
print(model .predict([[1,311))

Program output:
KNeighborsClassifier(n_neighbors=3)
(-2,-2) is class

[el

(1,3) is class

[11]



2.2.2

flanee npuBegem bonee HarnggHbil NpuMep. BugeT nocTpoeHa rpaHuua pPeweHUs gns kKaxkgoro knacca. B kadecTBe gaHHbix Bygem ucnonb3oBaTb
uke 3HakoMbll Ham u BcTpoeHHbll B bubnuoTeky sklearn Habop gaHHbix upucoB Quuwepa. 3ToT Habop gaHHbIX CTan Uxe KMNacCu4YeckuMm, U 4acTo
ucnonb3yeTcd B nuTepaType gna unnwcTpayuu paboTbl pasnu4yHbiX CcTaTucTudeckux anroputmoB. [laTaceT cogepkuT HabnwgeHus 3a 158 pasHbiMu
uBeTkamu upucoB, gaHHbie no kaxgomy uBeTky pacnonoxeHbl B cTpokax. B cTobuax sanucadbl gnuHa U WUPUHA YawenucTuka, gnuHa U WupuHa
nenecTtka, Bug upuca.

from sklearn.neighbors import KNeighborsClassifier
import seaborn as sns

iris = sns.load_dataset('iris")

print(iris)

Program output:
sepal_length sepal_width petal_length petal_width species

7] 5.1 3.5 1.4 8.2 setosa
1 4.9 3.0 1.4 B.2 setosa
2 4.7 3.2 1.3 B.2 setosa
3 4.6 3.1 1.5 B.2 setosa
4 5.8 3.6 1.4 B.2 setosa
145 6.7 3.0 5.2 2.3 virginica
146 6.3 2.5 5.0 1.9 wvirginica
147 6.5 3.0 5.2 2.8 virginica
148 6.2 3.4 5.4 2.3 virginica
149 5.9 3.0 5.1 1.8 wvirginica

[1580 rows x 5 columns]



2.2.3

MNokaxeM Ha rpagukax 3aBucuMoCTu WUpUHbI fenMecTKa OT ero gnuHbl, a TakXe aHanoru4Hbld rpaguk 3aBucumMocTb gnse gnuHbl U WUPUHDI
YawenucTuka. PasHbie Bugbl uBeTkoB oTMedeHbl pasHbiMu uBeTamu.

import seaborn as sns

import matplotlib.pyplot as plt

from mpl_toolkits.mplot3d import Axes3D

plt.figure(figsize=(18, 7))

iris = sns.load_dataset('iris")

sns.scatterplot(
data=iris,
x = 'petal_width', y = 'petal_length’,
hue='species"',
s=78)
plt.xlabel ('flnuHa nenectka, cMm')
plt.ylabel ('llupuHa nenectka, cMm')
plt.legend()
plt.grid()
plt.savefig("2.2.3.1.png")
plt.clf()
plt.subplot()
sns.scatterplot(
data=iris,
x = 'sepal_width', y = 'sepal_length’,
hue='species"',
s=78)
plt.xlabel ('flnuHa YawenucTuka, cMm')
plt.ylabel ('llupuHa 4YawenucTuka, cM')
plt.legend()
plt.gridQ®
plt.savefig("2.2.3.2.png")

Program output:
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2.2.4
U3 rpatdukoB BugHo, 4to B nepBom cny4ae knaccel BusyanbHo xOopowo oTgenumsl gpur OT gpura, xoTs gBa knacce umewT Hebonbwoe
nepecedeHue. Bo BTopom cnydae pasgenuTb gBa knacca Mexgy cobol yxe HamMHOro TpygHee.

flanee pasgenum gaTtaceT Ha obyyawwuyw u TecToByw Boibopku B cooTHoweHuu 88:20. 0Oby4awwas Boibopka (training sample) - Bnibopka, no
kKoTopold npousBoguTtcs HacTpolka (onTumusauyus napameTpoB) Mogenu saBucumocTu. TecTtoBasa (unu kKoHTponbHas) Boibopka (test sample) -
Boibopka, no koTopold oueHuBaeTcs kadecTBo nocTpoeHHolU Mogenu.

from sklearn.model_selection import train_test_split
from sklearn.neighbors import KNeighborsClassifier
import seaborn as sns

import matplotlib.pyplot as plt

from mpl_toolkits.mplot3d import Axes3D

import numpy as np

iris = sns.load_dataset('iris"')

x_train, x_test, u_train, y_test = train_test_split(iris.ilocl:,:-11, iris.ilocl:,-11, test_size=08.20)
x_train.shape, x_test.shape, u_train.shape, y_test.shape

print(x_train.head())

print(y_train.head())

model = KNeighborsClassifier(n_neighbors=3)
model . fit(x_train, y_train)

y_pred = model .predict(x_test)
print(y_pred)

plt.figure(figsize=(18,7))
sns.scatterplot(
data=iris,
x = 'petal_width', y = 'petal_length’,
hue='species"',
s=708)

plt.xlabel ('lnuHa nenectka, cMm')



plt.ylabel ('llupuHa nenectka, cm')
plt.legend(loc=2)
plt.grid()

for i in range(len(y_test)):
if np.array(y_test)[il] != y_predlil:
plt.scatter(x_test.ilocli,3],x_test.ilocli,2], color="red', s=150

plt.savefig("2.2.4.png")

from sklearn.metrics import accuracy_score
print(f'accuracy: {accuracy_score(y_test, y_pred):.3}")

Program output:
sepal_length sepal_width petal_length petal_width

78 5.9 3.2 4.8 1.8
73 6.1 2.8 4.7 1.2
136 6.3 3.4 5.6 2.4
33 5.1 3.4 1.5 B.2
97 6.2 2.9 4.3 1.3
708 versicolor
73 versicolor
136 virginica
39 setosa
= versicolor

Name: species, dtuype: object

[ 'setosa’ 'setosa’' 'versicolor' 'versicolor' 'setosa' 'virginica'
'virginica' 'versicolor' 'virginica' 'virginica' 'versicolor' 'setosa'
‘versicolor' 'versicolor' 'versicolor' 'setosa' 'setosa' 'virginica'
'virginica' 'setosa' 'setosa' 'virginica' 'setosa' 'virginica'
'versicolor' 'virginica' 'setosa' 'versicolor' 'setosa' 'setosa'l

accuracy: B8.967



o

e o
® o0 918
® o0

® ® cot0
s o
y
® 00ce oo
o o
@ o oo
&2 sie—
& 10 @ ®
slco1o) o
L _.I_H-_
4% L[]
A
®
&

— oo e
il
.
g @ 2 ® e ¢
eoe “w e
1“...._ [Ta] w1 = m - —

WD ‘exLiaual eHUudum

2.5

2.0

1.5

OnuHa nenecTka, cm

1.0

0.5

0.0



2.3.1

fns npegbigyuero npumMepa noakcrnepumeHTupylTe C napamMeTpamMu KnaaccugpukaTopa:

1. YcTtanoBuTe gpyroe konu4ecTBo bBnuxalwux cocegel (k = 1, 5, 18),
2. YcTtaHoBuTe pasmep TectoBol Boibopku 15% ot Bcero gaTtaceTta.

3. lNocTpolTe rpaguku u oueHuTe KadecTBo mogened, npoaHanuaupylTe pes3ynbTaThl.

from sklearn.model_selection import train_test_split
from sklearn.neighbors import KNeighborsClassifier
import seaborn as sns

import matplotlib.pyplot as plt

from mpl_toolkits.mplot3d import Axes3D

import numpy as np

iris = sns.load_dataset('iris")

cnt=1
k =[1, 5, 18]
for a in k:
print(f"dna bnuxalwux coceged = {a}:")

x_train, x_test, y_train, y_test = train_test_split(iris.ilocl:, :-11,

x_train.shape, x_test.shape, y_train.shape, y_test.shape
print(x_train.head())
print(y_train.head())

model = KNeighborsClassifier(n_neighbors=a)
model . fit(x_train, y_train)

y_pred = model .predict(x_test)
print(y_pred)

plt. figure(figsize=(18,7))
sns.scatterplot(
data=iris,
x = 'petal_width', y = 'petal_length’,
hue='species',
s=78)

iris.ilocl:,-11,

test_size=08.15)



plt.xlabel ('flnuHa nenecTka, cMm')
plt.ylabel('WlupuHa nemectka, cm')
plt.legend(loc=2)

plt.gridQ

for i in range(len(y_test)):
if np.array(y_test)[il] != y_predlil:

plt.scatter(x_test.ilocli,3],x_test.ilocli,2], color="red', s=150

plt.savefig(f"2.3.1.{cnt}.png™)

cnt = cnt+l

from sklearn.metrics import accuracy_score
print(f'accuracy: {accuracy_score(y_test, y_pred):.3}")

Program output:
fnsa bauxkalwux cocegel = 1:
sepal_length sepal_width petal_length petal_width

36 5.5 3.5 1.3 B.2
37 4.9 3.6 1.4 .1
77 6.7 3.0 5.8 1.7
56 6.3 3.3 4.7 1.6
125 7.2 3.2 6.0 1.8
36 setosa
37 setosa
77 versicolor
56 versicolor
125 virginica

Name: species, dtuype: object

['virginica' 'versicolor' 'virginica' 'virginica' 'versicolor' 'virginica'

'virginica' 'virginica' 'virginica' 'versicolor' 'setosa' 'virginica'
'setosa’ 'setosa' 'setosa' 'setosa' 'setosa' 'versicolor' 'virginica'
'virginica' 'virginica' 'setosa' 'versicolor'l]

accuracy: 8.87

)



fnsa bauxkalwux cocegel = 5:
sepal_length sepal_width petal_length petal_width

115 6.4 3.2 5.3 2.3
127 6.1 3.0 4.9 1.8
62 6.0 2.2 4.0 1.8
31 5.4 3.4 1.5 8.4
40 5.0 3.5 1.3 g.3
115 virginica
127 virginica
62 versicolor
31 setosa
40 setosa

Name: species, dtuype: object

['virginica' 'versicolor' 'versicolor' 'setosa' 'versicolor' 'versicolor'
'virginica' 'virginica' 'setosa' 'versicolor' 'setosa' 'virginica'
'virginica' 'virginica' 'virginica' 'versicolor' 'virginica' 'virginica'
‘versicolor' 'setosa' 'virginica' 'setosa' 'virginica'l

accuracy: 8.957

fnsa bauxalwux cocegel = 18:

sepal_length sepal_width petal_length petal_width

12 4.8 3.0 1.4 B.1
43 5.8 3.5 1.6 8.6
148 6.2 3.4 5.4 2.3
68 5.8 2.0 3.5 1.8
78 6.0 2.9 4.5 1.5
12 setosa
43 setosa
148 virginica
60 versicolor
78 versicolor

Name: species, dtuype: object

['versicolor' 'virginica' 'versicolor' 'setosa' 'virginica' 'setosa’
'virginica' 'virginica' 'setosa' 'virginica' 'versicolor' 'setosa’
‘versicolor' 'virginica' 'versicolor' 'versicolor' 'setosa' 'versicolor'
‘versicolor' 'virginica' 'versicolor' 'virginica' 'virginica'l

accuracy: 8.957
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3.2.1
flan nopsgkoBoil kaTeropuanbHbll npusHak (Hanpumep, Boicokul, cpegHul, Huskul). BeimonHuTb ero kogupoBky. [Ins peweHus 3agadu MOXHO
ucnonb3oBaTth MeTog replace ¢pelMa gaHHbix pandas gns npeobpaszoBaHus cTpokoBbix MeTok B 4ucnoBoie akBuBaneHTo

import pandas as pd

dataframe = pd.DataFrame({"oueHka":[ 'Huskasa', 'Huskasq', 'cpegHas', 'cpegHasa', 'Boicokas'1})
scale_mapper = {"Huskaa'":1, 'cpegHasa':2, 'Bbicokas' :3}

print(dataframel "oueHka"]l.replace(scale_mapper))
Program output:
1

7]
1
2
3
4

WNN -

Name: oueHka, dtype: intb4



3.2.2
flaH cnoBapb, u Tpebyetcs ero koHBepTupoBaTtb B MaTpuuy npusHakoB. [lns peweHus 3agadu MoxHO 3agelcTBoBaTtb knacc-BekTopusaTtop
cnoBaps Dictvectorizer:

from sklearn.feature_extraction import DictVectorizer

data_dict = [{"kpacHbl": 2, "cunul":4},
{"kpacHpili": 4, "cuHul":3},
{"kpacHpili": 1, "xenaTnill":2},
{"kpacHbili": 2, "xenTpil":23}1]

dictvectorizer = DictVectorizer(sparse=False)

features = dictvectorizer.fit_transform(data_dict)
print(features)

Program output:

[fe. 2. 4.1
(8. 4. 3.1
[2. 1. 8.1
[2. 2. 8.11



3.3.2
OnpegenuTte Habop npusHakoB 4enoBeka, no aHanoruu us PT 1, - Hanpumep, uBeT rnas u koHBepTupylTe ero B maTpuuy npusHakoB.

from sklearn.feature_extraction import DictVectorizer

data_dict = [{"kaput": 2, "ronybold":4, "cepwmtl":3},
{"kaput": 1, "zenmewnili":1, "ceppili":1},
{"zenemnili": 2, "ronaybol":3, "cepwill":3},
{"kapul": 3, "ronybol":4, "zeneHbil":43}]

dictvectorizer = DictVectorizer(sparse=False)
features = dictvectorizer.fit_transform(data_dict)
print(features)

Program output:
[[4. B. 2. 3.1
[6. 1.
[3. 2.
4

[4.

1. 1.1
8. 3.1
3. 8.11



