
�?4EF9D?9G �?7BD<F@89DV, �9FB8B?B7<O?4DO 
:ÝA9 ìAV@8V?V> �9FD<>4?4DO
�µ? CD9;9AF4F<O IT-@4@4A84DO @9A 89D9>F9D �4?O@84DOA4 4DA4?�4A. �V; >?4EF9D?9G 4?7BD<F@89DVAV§ F9D9§8V7VA9, 
B?4D8O 54�84D?4@4?O� �4@F4@4EO; 9FG89 VE>9 4EODG Ý8VEF9DVA9 (@OE4?O, scikit-learn, pandas, numpy >VF4CE4A4?4DOA 

�B?84AG 4D�O?O) :ÝA9 B?4D8O§ íAV@8V?V7VA 54�4?4G8O§ F9EA<>4?O� @9FD<>4?4DOA4 FB�F4?4@O;. %BA84=-4�, A4�FO 
Ý;VD?9G >9=EF9DVA897V CD4>F<>4?O� �B?84AOEF4D8O �4D4EFOD4@O;.

https://gamma.app/?utm_source=made-with-gamma
Оқытушы: Сарсембаева Т.С.



�VDVEC9: �?4EF9D?9G8V§ &9IA<>4?O� �97V;89DV

�ÝDVEFV§ &9IA<>4?O� �4�E4FO

�µ? @B8G?P IT-@4@4A84DO @9A 89D9>F9D �4?O@84DOA4 
>?4EF9D?9G8V§ @ÝAVA, BAO§ VL>V 4?7BD<F@89DVA (K-

Means, DBSCAN, Hierarchical Clustering), scikit-learn 

>VF4CI4A4EO 4D�O?O :¯;979 4EODG 9D9>L9?V>F9DVA :ÝA9 
>?4EF9D?9G @B89?P89DVAV§ íAV@8V?V7VA 54�4?4G 
@9FD<>4?4DOA (Silhouette Score, Davies-Bouldin Index, 

Adjusted Rand Index) F9D9§ F¯EVA8VDG79 54�OFF4?�4A. 

%BA84=-4�, pandas :ÝA9 numpy 4D�O?O 89D9>F9D8V 

84=OA84G @9A FD4AEHBD@4J<O?4G @ÝE9?9?9DV 
�4@FO?48O.

�?4EF9D?9G8V§ �DB7D4@@4?O� �BAJ9CJ<OEO

�?4EF9D?9G 3 54�O?4GEO; @4L<A4?O� B�OFG8O§ 
(Unsupervised Machine Learning) VD79?V Ý8VEV, 89D9>F9D 

:<OAOA84�O �µDO?O@8O� µ�E4EFO�F4D A97V;VA89 
B5N9>FV?9D8V ?B7<>4?O� FBCF4D�4 (>?4EF9D?9D79) 
5í?G79 4DA4?�4A. �4�E4F 3 5VD >?4EF9D897V 89D9>F9D 
A¯>F9?9DVAV§ 5VD-5VDVA9 µ�E4E, 4? ÝDF¯D?V 
>?4EF9D?9D897V A¯>F9?9D8V§ 4=F4D?O�F4= 
9D9>L9?9AGVA �4@F4@4EO; 9FG. �µ? 89D9>F9D8V 54D?4G, 

4AB@4?<OAO 4AO�F4G :ÝA9 E97@9AFF9G E<O�FO >íCF979A 

�B?84A54?4D84 @4§O;8O.

https://gamma.app/?utm_source=made-with-gamma


�?4EF9D?9G8V§ �97V;7V �D<AF<CF9DV: &9EA<>4?O� &¯EVAV>F9@9

�L>V->?4EF9D?V> �B79;<OAO �DFFODG

�µ? CD<AF<C 89D9>F9D A¯>F9?9DVAV§ 5VD >?4EF5D VLV=45 5VD-5VDVA9 FO�O; BDA4?4EGOA F4?4C 9F98V. �4F9@4F<>4?O� 

FµD�O84A, ÝD >?4EF9D897V A¯>F9?9D8V§ >?4EF9D F9AFDB<8OA4A (A9@9E9 @98<4AOA4A) BDF4L4 �4LO�FO�OA A9@9E9 VL>V-
>?4AB5@?V> 4<A?5@A<OAO (intra-cluster variance) @<A<@<;4F<O?4G�4 54�OFF4?�4A. �OE4?O, k-means 4?7BD<F@V Sum of

Squared Errors (SSE) A9@9E9 inertia @9FD<>4EOA @<A<@<;4F<O?4G 4D�O?O BEO�4A �B? :9F>V;98V.

�?4EF9D4D4?O� �=OD@4LO?O�FO �4>E<@<;4F<O?4G

�µ? �4�<84 ÝD F¯D?V >?4EF5D?5D4V§ 5VD-5VDVA9A 4=F4D?O�F4= 4?L4� BDA4?4EGOA 5V?8VD98V. �4E�4L4 4=F�4A84, 

>?4AB5@4@4?O� �4LO�BO�BO (inter-cluster distance) 4DFFODG �4:9F. �µ? Bí@5A 54=?4AOA (low coupling) <894?OA4 
EÝ=>9E >9?98V, @µA84 >?4EF9D?9D 4D4EOA84�O L9>4D4?4D 4AO� 5B?48O. DBSCAN E<O�FO 4?7BD<F@89D FO�O;8O�FO 

C4=84?4A4 BFODOC, BEO�4A �B? :9F>V;98V, 4? k-means F9AFDB<8F4D 4D4EOA84�O �4LO�FO�FO :4A4@4 F¯D89 4DFFODG�4 

FODOE48O.

https://gamma.app/?utm_source=made-with-gamma


�?4EF9D?9G8V§ �B?84AO?GO :ÝA9 &¯D?9DV (IT->BAF9>EF9)

�?<9AF %97@9AFF9G

K-means A9@9E9 <9D4DI<O?O� >?4EF9D?9G 4D�O?O >?<9AFFV> 89D9>F9D8V F4?84C, ÝDF¯D?V 

FµFOAGLO FBCF4DOA 4AO�F4G, :9>9?9A8VDV?79A íAV@ µEOAOEF4DOA :4E4G.

�<B<AHBD@4F<>4

�9A M>ECD9EE<OEOAO§ 89D9>F9DVA, 4�GO;84D8O§ �µDO?O@8O� µ�E4EFO�F4DOA :ÝA9 

:4EGL4 F<CF9DVA :V>F9G ¯LVA >?4EF9D?9G 4?7BD<F@89DVA �B?84AG.

�AB@4?<O?4D8O �AO�F4G

�4D:O?O� FD4A;4>J<O?4D84�O A9@9E9 :9?V?V> FD4H<>F97V Ý89FF9A FOE ¯?7V?9D8V, O�A< 
4?4O�FO� A9@9E9 ><59DL45GO? ÝD9>9FF9DVA DBSCAN A9@9E9 Isolation Forest >í@97V@9A 

4AO�F4G.

�9D9>F9D8V§ �9§VEFV>FV> &4?84GO

�9B>9§VEFV>FV> 89D9>F9D897V ¯?7V?9D8V, @OE4?O, �4?4?O� 4G84A84D8O µ�E4EFO�O 5B=OAL4 
FBCF4EFODG, µO?O :9?V?9D8V§ F<V@8V BDA4?4EGOA :BEC4D?4G.

�?4EF9D?9G Ý8VEF9DVAV§ A97V;7V F¯D?9DV:

�í?GLV Ý8VEF9D (k-means, k-medoids): �9D9>F9D8V 59?7V?V 5VD >?4EF9D E4AOA4 5í?98V. �OE4?O, scikit-learn >VF4CI4A4EOA84�O KMeans @B8G?V :<V �B?84AO?48O.

&O�O78O��4 =97V789?79= Ý8VEF9D (DBSCAN, OPTICS): �?4EF9D?9D8V FO�O;8O�O :B�4DO 4=@4�F4D D9FVA89 4AO�F4=8O :ÝA9 LG8O (4AB@4?<O?4D8O) 5í?9>F9=8V.

�9D4DE8O?O� Ý8VEF9D (�7?B@9D4F<6FV, �<6<;<6FV): �9D9>F9D 4D4EOA84�O <9D4DI<O?O� 54=?4AOEF4D8O >íDE9F9FVA >?4EF9D?9D �µDO?O@OA �4?OCF4EFOD48O.

https://gamma.app/?utm_source=made-with-gamma


k-means (�-�@B4L4) �;7>@8B<V: &9@9§89BV;79= &4;84C

1.  K (>?4EF9D E4AO) @ÝAVA F4§84G.
2.  �4EF4C�O K F9AFDB<8FO >9;89=EB� <A<F<4?<;4F<O?4G

(@OE4?O, 89D9>F9D :<A4�OA4A >9;89=EB� K A¯>F9 F4§84G).

3.  �F9D4F<O?4D8O 54EF4G:
a.  &4�4=OA84G �484@O: ÜD5VD 89D9>F9D A¯>F9EVA 9§ :4�OA F9AFDB<8�4

F4�4=OA84G (@OE4?O, �6>?<8FV> �4LO�FO� 5B=OAL4).
b.  �4§4DFG �484@O: ÜD5VD >?4EF9D8V§ :4§4 F9AFDB<8OA
EB? >?4EF9D79 F4�4=OA84?�4A 54D?O� A¯>F9?9D8V§ BDF4L4 @ÝAV

D9FVA89 9E9CF9G.
4.  �79D F9AFDB<8F4D8O§ CB;<F<OEO í;79D@9E9 A9@9E9 @4>E<@4?8O
<F9D4F<O E4AOA4 :9FE9, 4?7BD<F@8V FB�F4FG. Ü=FC9E9, 3-�484@�4 BD4?G.

�;7>@8B<=V§ �97V77V �@8=F8?B9@V

k-means 4 5µ; 89@9:B9@8V 4;8O= 4;4 59;7V;9=79= K :;4AB9@79 5í;C79 54�OBB4;�4=, 

:9§V=9= �>;84=O;4BO= 5í;CLV :;4AB9@;9C 4;7>@8B<V. �=O§ <4�A4BO 4 Ý@ :;4AB9@897V 

89@9:B9@ =¯:B9;9@V=V§ í7 F9=B@>88B4@O=4 899V=7V �4LO�BO�B4@O=O§ :648@4BB4@O=O§ 
�>AO=8OAO= (Within-Cluster Sum of Squares, WCSS) <8=8<4;84C.

�;7>@8B< �484<84@O (�A968>:>8)

�6:;88BV: �4LO�BO� $>@<C;4AO

�9@9:B9@ =¯:B9AV x_i <9= F9=B@>88 c_j 4@4AO=84�O �4LO�BO�BO 9A9?B9C ¯LV=:

d(x  , c  ) =i j   (x  2 c  )
l=1

3
m

il jl
2

�µ=84�O m 4 í;L9<89@ A4=O, x_il 4 i-LV =¯:B9=V§ l-LV í;L9<897V <Ý=V, c_jl 4 j-LV 

F9=B@>88BO§ l-LV í;L9<897V <Ý=V.

https://gamma.app/?utm_source=made-with-gamma


k-means �?7BD<F@VAV§ �9@LV?V>F9DV

�?8OA 4?4 K @ÝAVA F4§84G

K-means 4?7BD<F@V >?4EF9D?9D E4AO K 4?8OA 4?4 

59?7V?9G8V F4?4C 9F98V. �µ? @ÝA8V F4§84G >í5VA9E9 

elbow method A9@9E9 silhouette score E<O�FO 

Q6D<EF<>4?O� Ý8VEF9D 4D�O?O :¯;979 4EODO?48O, 
5VD4� B?4D 89D9>F9D79 54=?4AOEFO >¯D89?V?V> 

FG8ODGO @¯@>VA. �µDOE K @ÝAVA 4AO�F4G 4?7BD<F@AV§ 
F<V@8V?V7VA9 FV>9?9= ÝE9D 9F98V.

�4EF4C�O &9AFDB<8F4D�4 %9;V@F4?8O�

�?7BD<F@ 54EF4C�O J9AFDB<8F4D8O >9;89=EB� 
F4§84G�4 A97V;89?79A. �µ? F4§84G8O§ ÝDF¯D?V 5B?GO 

>?4EF9D?9G8V§ ÝDF¯D?V AÝF<:9?9DVA9 :ÝA9 ?B>4?P8O 
@<A<@G@84D�4 Ý>9?GV @¯@>VA. scikit-learn 

>VF4CI4A4EOA84 5µ? @ÝE9?9AV n_init C4D4@9FDV 4D�O?O 

5VDA9L9 D9F <A<J<4?<;4J<O?4G 4D�O?O L9LG79 
FODOE48O (kmeans++ Ý8VEV).

�í§79?9> (%H9D4?O�) �?4EF9D �VLVA89DV

K-means 4?7BD<F@V F9> 8í§79?9> A9@9E9 EH9D4?O� 
CVLVA8V >?4EF9D?9D8V F<V@8V F454 4?48O. �79D 

89D9>F9D89 EBC4�L4, >¯D89?V A9@9E9 5VD-5VDV@9A 
�<O?OE�4A CVLVA8V >?4EF9D?9D 5B?E4, k-means 8µDOE 
5í?G AÝF<:9EVA 59D@9=8V. �µA84= :4�84=?4D84 

DBSCAN A9@9E9 Gaussian Mixture Models E<O�FO 
4?7BD<F@89D F<V@8VD9> 5B?GO @¯@>VA.

,G @9A �AB@4?<O?4D�4 %9;V@F4?8O�

K-means LG?O 89D9>F9D79 (noise) :ÝA9 4AB@4?<O?4D�4 (outliers) íF9 E9;V@F4?. %9595V, 
BDF4L4 @ÝA J9AFDB<8F4DO 4AB@4?<O?4D�4 �4D4= O�OEOC, >?4EF9D?9D8V§ L9>4D4EOA 

5µD@4?4GO @¯@>VA. �µ? 89D9>F9D8V 4?8OA 4?4 F4;4?4G8O A9@9E9 LG�4 Fí;V@8VD9> 
>?4EF9D?9G 4?7BD<F@89DVA �B?84AG8O �4:9F 9F98V.

�?8OA 4?4 �9D9>F9D8V ì§89G

�?7BD<F@ 96>?<8FV> �4LO�FO��4 A97V;89?79A8V>F9A, 9D9>L9?V>F9D8V§ (features) 
@4ELF45OAO§ ÝDF¯D?V?V7V AÝF<:979 �4FFO ÝE9D 9F98V. %BA8O�F4A >?4EF9D?9G 4?8OA84 

89D9>F9D8V EF4A84DFF4G (StandardScaler) A9@9E9 �4?OC�4 >9?FVDG (MinMaxScaler) 

@VA89FFV 5B?OC F45O?48O. �µ? �484@EO;, ¯?>9A @ÝA8V 9D9>L9?V>F9D 8B@<A4AFFO 

5B?OC, >?4EF9D?9G8V§ 8µDOEFO�OA Fí@9A89F98V.

https://gamma.app/?utm_source=made-with-gamma


DBSCAN �?7BD<F@VAV§ �0�<80EO

DBSCAN - &O�O;8O��0 �97V;89?79A �?0EF9D?9G

&O�O;8O��0 A97V;89?79A >9§VEFV>FV> >?0EF9D?9G 0?7BD<F@V (Density-Based Spatial 
Clustering of Applications with Noise). �? 89D9>F9D :<OAOA80�O FO�O;8O�O :B�0DO 
0=@0�F0D8O >?0EF9D?9D D9FVA89 0AO�F0=8O, 0? FO�O;8O�O Fí@9A 0=@0�F0D8O LG 

(noise) D9FVA89 :V>F9=8V. �µ? 0?7BD<F@ >¯D89?V CVLVA8V >?0EF9D?9D8V (non-convex shapes) 
F<V@8V 0AO�F0= 0?08O.

�97V;7V �0D0@9FD?9D

Epsilon (\epsilon A5@5E5 eps): �9DV?79A A¯>F9AV§ >íDLV?9E 0=@0�OA 0AO�F0=FOA 

@0>E<@0?8O D08<GE. �µ? C0D0@9FD8V§ L0@0EO >?0EF9D?9D8V§ FO�O;8O�OA0 FV>9?9= 
ÝE9D 9F98V.

Minimum Points (MinPts): \epsilon D08<GEO VLVA89 1B?GO F<VE A¯>F9?9D8V§ 

@<A<@0?8O E0AO. �µ? E0A >?0EF9D8V§ «FO�O;8O�OA» 0AO�F0=8O :ÝA9 LG8O 1í?G79 
>í@9>F9E98V.

�¯>F9?9D8V§ &<CF9DV

/4DB?O� A¯>F5 (Core Point): �79D A¯>F979 \epsilon D08<GEO VLVA89 MinPts-F9A >9@ 

9@9E 10E�0 A¯>F9?9D (í;VA �BE0 0?�0A80) >VD9FVA 1B?E0.

,5>0D0?O� A¯>F5 (Border Point): /8DB?O� A¯>F9 9@9E, 1VD0� �0A80= 80 1VD O8DB?O� 

A¯>F9AV§ \epsilon D08<GEO VLVA89 BDA0?0E�0A A¯>F9.

,G A¯>F5EV (Noise Point): /8DB?O� F0, L9>0D0?O� F0 9@9E A¯>F9. �? 9L1VD >?0EF9D79 

:0FC0=8O (0AB@0?<O A9@9E9 outlie).

from sklearn.cluster import DBSCAN

import numpy as np

import pandas as pd

# �9D9>F9D8V 79A9D4F<O?4G (@OE4? ¯LVA)
X = np.array([[1, 2], [1.5, 1.8], [5, 8],

[8, 8], [1, 0.6], [9, 11],

[8, 2], [10, 2], [9, 3]])

# DBSCAN @B89?VA <A<F<4?<;4F<O?4G :ÝA9 �B?84AG

dbscan = DBSCAN(eps=2, min_samples=2)

clusters = dbscan.fit_predict(X)

print(f"�?4EF9D 59?7V?9DV: {clusters}")

# �ÝF<:989 -1 LG A¯>F9?9DVA 5V?8VD98V
# (@OE4?O, [0, 0, 1, 1, 0, 2, 1, 1, 1] E<O�FO)

# �?4EF9D?9A79A 89D9>F9D8V DataFrame-79 5VDV>FVDG

df = pd.DataFrame(X, columns=['Feature1', 'Feature2'])

df['Cluster'] = clusters    print(df)

�?0EF9D �µDG �9E0A<;@V

DBSCAN 0?7BD<F@V >9;89=EB� F0§80?�0A O8DB?O� A¯>F989A 10EF0?OC, "FO�O;8O� 

1B=OAL0 �B?:9FV@8V?V>" (density-reachability) CD<AF<CV 0D�O?O >?0EF9D8V >9§9=F98V. 
�79D B A¯>F9EV A O8DB?O� A¯>F9EVA9A FO�O;8O� 1B=OAL0 FV>9?9= �B?:9FV@8V 1B?E0 

(\epsilon D08<GEOA80 :ÝA9 MinPts L0DFOA0 E0=), BA80 B?0D 1VD >?0EF9D79 :0F08O. �µ? 

CDBF9EE 10D?O� FO�O;8O� 1B=OAL0 �B?:9FV@8V A¯>F9?9D �0@FO?�0AL0 :0?�0E08O.

Scikit-learn 0D�O?O VE>9 0EODG

https://gamma.app/?utm_source=made-with-gamma


DBSCAN �DFO�LO?O�F4DO: IT-CD4>F<>484�O @4§O;O

# K-Means-FV§ L9>F9G?V?V7VA9 @OE4?

from sklearn.datasets import make_moons

X, y = make_moons(n_samples=200, noise=0.05, random_state=0)

# DBSCAN @µA84= 89D9>F9D89 K-Means->9 �4D4�4A84 Ý?89�4=84 :4�EO AÝF<:9

59D98V.

�9; >9?79A CVLVA897V >?4EF9D?9D8V 4AO�F4G

DBSCAN FO�O;8O��4 A97V;89?79A 4?7BD<F@ D9FVA89, EH9D4?O� 9@9E A9@9E9 >¯D89?V 

79B@9FD<O?O� CVLVA897V >?4EF9D?9D8V (@OE4?O, :4DFO 4=, >BAF9AFD?V L9§59D?9D) 
F<V@8V 4AO�F4= 4?48O. �µ? K-Means E<O�FO F9AFDB<8�4 A97V;89?79A 4?7BD<F@89D8V§ 

L9>F9G?9DVA 4=A4?OC íF98V, B?4D F9> 8í§79?9> >?4EF9D?9D8V :4�EO F4548O.

# DBSCAN LG8O �4?4= í§89=8V
from sklearn.cluster import DBSCAN

dbscan = DBSCAN(eps=0.5, min_samples=5)

clusters = dbscan.fit_predict(data)

noise_points = data[clusters == -1] # ,G A¯>F9?9DV -1 D9FVA89 59?7V?9A98V

,G8O (4AB@4?<O?4D8O) F<V@8V í§89G

�9D9>F9D897V LG A¯>F9?9DVA (4GF?4=9D?9D8V) 46FB@4FFO F¯D89 4AO�F4=8O :ÝA9 

B?4D8O 9L5VD >?4EF9D79 :4F�O;54=8O. �µ? 89D9>F9D8V 4?8OA 4?4 F4;4?4G 
�4:9FFV?V7VA 4;4=F48O :ÝA9 4?7BD<F@AV§ 59DV>FV7VA 4DFFOD48O. ÜEVD9E9 :9?V?V> 
L45GO?84D8O, E9AEBD?O� �4F9?9D8V A9@9E9 FD4A;4>F<O?O� 4AB@4?<O?4D8O 

4AO�F4G E<O�FO @ÝE9?9?9D89 C4=84?O.

# scikit-learn-897V DBSCAN API

# �?4EF9D E4AOA >íDE9FG8V§ �4:9FV :B�

from sklearn.cluster import DBSCAN

model = DBSCAN(eps=0.3, min_samples=10)

# model.fit(X) A9@9E9 model.fit_predict(X)

�?4EF9D E4AOA (K) 4?8OA 4?4 >íDE9FG �4:9F 9@9E

K-Means A9@9E9 Gaussian Mixture Models E<O�FO 4?7BD<F@89D89A 4=OD@4LO?O�O, 

DBSCAN >?4EF9D?9D8V§ E4AOA 4?8OA 4?4 59DG8V F4?4C 9FC9=8V. �AO§ BDAOA4, B? 

89D9>F9D8V§ FO�O;8O�OA4 E¯=9AVC >?4EF9D?9D8V 8<A4@<>4?O� F¯D89 F4548O. �µ? 
>?4EF9D?9D8V§ A4�FO E4AOA 5V?@9=FVA 89D9>F9D :<OA84DO ¯LVA íF9 �B?4=?O.

# Pandas :ÝA9 NumPy-@9A 89D9>F9D8V í§89G

import pandas as pd

import numpy as np

data = pd.read_csv('geo_data.csv')

dbscan = DBSCAN(eps=0.01, min_samples=5)

data['cluster'] = dbscan.fit_predict(data[['latitude', 'longitude']])

�B�4DO �B?84AO?G 4=@4�F4DO @9A @4ELF45F4?GO

�9B7D4H<O?O� 4�C4D4FFO� :¯=9?9D89 (GIS) OEFO� A¯>F9?9D8V (@OE4?O, �O?@OE 
A9@9E9 FD4H<> FO�O;8O�O), ><59D�4GVCEV;8V>F9 4AB@4?<O?4D8O 4AO�F4G84 (@OE4?O, 

DDoS L45GO?84DO), íA8VDVEF97V 4�4G?4D8O F45G84 :ÝA9 FµFOAGLO 
E97@9AF4F<OEOA84 >9§VA9A �B?84AO?48O. ®?>9A 89D9>F9D :<OA84DO@9A 89 :4�EO 
:µ@OE VEF9=8V.
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�?4EF9D?9G %4C4EOA �4�4?4G: �L>V �9FD<>4?4D

# Python scikit-learn @OE4?O
from sklearn.cluster import KMeans

import numpy as np

X = np.random.rand(100, 2) # �OE4? 89D9>F9D

kmeans = KMeans(n_clusters=3, random_state=0, n_init=10)

kmeans.fit(X)

inertia_value = kmeans.inertia_

print(f"�A9DF<O @ÝAV: {inertia_value}")

�4�4?4G8O§ >¯D89?V?V7V

�4�O?4GEO; B�OFG (Unsupervised Learning) @B89?V D9FVA89 >?4EF9D?9G 4?7BD<F@89DVAV§ 
E4C4EOA 54�4?4G, 59?7V?9A79A 89D9>F9D8V (labeled data) �B?84A4FOA >?4EE<H<>4F<O�4 
�4D4�4A84 >¯D89?VD9>. %9595V "LOA8O�" 59?7V?9DV (ground truth labels) 5B?@4=8O.

�L>V @9FD<>4?4D (Intrinsic Metrics)

�L>V @9FD<>4?4D >?4EF9D?9G AÝF<:9EVAV§ E4C4EOA 54�4?4G ¯LVA F9> 89D9>F9D8V§ VL>V 
�µDO?O@OA4 (VL>V FO�O;8O� :ÝA9 >?4EF9D?9D 4D4EOA84�O 4?L4�FO�) E¯=9A98V. �?4D 
>?4EF9D?9D8V§ FO�O74O�O= (compactness) :ÝA9 5í?V=GV= (separation) E4A8O� F¯D89 

í?L9=8V.

�A9DF<O (Inertia - k-means ¯LVA)

K-means 4?7BD<F@VA89 8=5DF8O >?4EF9D897V ÝD5VD A¯>F9AV§ í; F9AFDB<8OA4 (BDF4?O� 

A¯>F9EVA9) 89=VA7V �4LO�FO�F4DOAO§ >648D4FF4DOAO§ �BEOA8OEOA 5V?8VD98V. 

�?7BD<F@ BEO @ÝA8V @<A<@4?84A8ODG�4 FODOE48O. &í@9A <A9DF<O @ÝAV >?4EF9D?9D8V§ 
FO�O;8O�OA >íDE9F98V.

# Python scikit-learn @OE4?O

from sklearn.metrics import silhouette_score

from sklearn.cluster import KMeans

# X - 89D9>F9D :<OAO, labels - >?4EF9D 59?7V?9DV
# k_means_model = KMeans(...)

# k_means_model.fit(X)

# labels = k_means_model.labels_

# silhouette_score = silhouette_score(X, labels)

# print(f"%<?GMF >íDE9F>VLV: {silhouette_score}")

,OAF4� Ü8VEV (Elbow Method)

�§F4=?O K >?4EF9D E4AOA 4AO�F4G ¯LVA :<V �B?84AO?4FOA Ý8VE. ÜDF¯D?V K @ÝA89DV ¯LVA 

<A9DF<OAO 9E9CF9C, 7D4H<> FµD�O;48O. �D4H<> "LOAF4��4" µ�E4E 9§ ¯?>9A 5µDO?OE 
A¯>F9EVA F4§84G 4D�O?O B§F4=?O K @ÝAVA >íDE9F98V, 5µ? <A9DF<OAO§ Fí@9A89GVAV§ 

4=F4D?O�F4= 5ÝE9§89GVA 5V?8VD98V.

7.5. %<?GMF �BMHH<F<9AFV (Silhouette Coefficient)

%<?GMF >BMHH<F<9AFV (A9@9E9 %<?GMF >íDE9F>VLV) >?4EF9D VLVA897V µ�E4EFO�FO 

(cohesion) :ÝA9 >?4EF9D?9D 4D4EOA84�O 4=OD@4LO?O�FO (separation) 5VDV>FVD98V. �? 
ÝD5VD 89D9>F9D A¯>F9EV ¯LVA 9E9CF9?VC, 54D?O� A¯>F9?9D 5B=OAL4 BDF4L4 @ÝA 4?OA48O. 
�ÝA [-1, 1] 4D4?O�OA84 5B?48O:

1-79 :4�OA: �¯>F9 í; >?4EF9DV@9A íF9 FO�O; :ÝA9 54E�4 >?4EF9D?9D89A :4�EO 

5í?VA79A. �µ? :4�EO >?4EF9D?9G8V >íDE9F98V.

0-79 :4�OA: �¯>F9 9>V >?4EF9D 4D4EOA84�O L9>4D484 BDA4?4E�4A, 5µ? >?4EF9D?9D8V§ 

A4L4D 5í?VA79AVA 5V?8VD98V.

-1-79 :4�OA: �¯>F9 8µDOE 9@9E >?4EF9D79 F4�4=OA84?�4A.
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8. �?4EF9D?9G8V �4�4?4G: %ODF�O �9FD<>4?4D :ÝA9 �?7BD<F@89D8V %4?OEFODG

from sklearn.metrics import adjusted_rand_score

y_true = [0, 0, 0, 1, 1, 1]

y_pred = [0, 0, 1, 1, 2, 2] # �OA4? >?4AB5@?5@
ari_score = adjusted_rand_score(y_true, y_pred)

print(f"ARI: {ari_score:.2f}")

from sklearn.metrics import homogeneity_score, completeness_score,

v_measure_score

y_true = [0, 0, 0, 1, 1, 1]

y_pred = [0, 0, 1, 1, 2, 2]

homogeneity = homogeneity_score(y_true, y_pred)

completeness = completeness_score(y_true, y_pred)

v_measure = v_measure_score(y_true, y_pred)

print(f"Homogeneity: {homogeneity:.2f}")

print(f"Completeness: {completeness:.2f}")

print(f"V-measure: {v_measure:.2f}")

%ODF�O �4�4?4G �9FD<>4?4DO

�µ? @9FD<>4?4D >?4EF9D?9G AÝF<:9?9DVA 89D9>F9D89 54D "LOA8O�" EOAOCFO� 
:4CEOD@4?4D@9A (Ground Truth) E4?OEFODG ¯LVA �B?84AO?48O. �?4D8O§ �B?84AO?GO 

scikit-learn >VF4CE4A4EOA84 EF4A84DFF4?�4A.

�=O�F4?�4= $9FF9?79= �=89>E (Adjusted Rand Index - ARI)

�?4EF9D?9G 5í?VAGV @9A LOA4=O EOAOCF4D8O§ 5í?VAGV 4D4EOA84�O µ�E4EFO�FO 
í?L9=8V, >9;89=EB� F4�4=OA84G?4D ¯LVA F¯;9FV?79A. �ÝA [-1, 1] 4D4?O�OA84 5B?48O, 

@µA84 1 FB?O� EÝ=>9EFV>FV 5V?8VD98V.

�VD-5VDV=9 µ�E4E 54?? (Homogeneity, Completeness, V-measure)

Homogeneity: ÜD >?4EF9D8V§ A97V;VA9A 5VD �4A4 LOA4=O EOAOCFO§ @¯L9?9DVA9A FµDG 
8ÝD9:9EVA í?L9=8V.

Completeness: �VD LOA4=O EOAOCFO§ 54D?O� @¯L9?9DVAV§ 5VD >?4EF9D79 :<A4?G 
8ÝD9:9EVA í?L9=8V.

V-measure 5µ? 9>9GVAV§ 74D@BA<S?O� BDF4L4 @ÝAV 5B?OC F45O?48O.

# k-means 6ÝA5 DBSCAN ?4@4@5B@?5@VA B4§44C
from sklearn.cluster import KMeans, DBSCAN

from sklearn.datasets import make_blobs

# �4A4A4O 45@5>B5@ 68OABO�OA 64A4C
X, y_true = make_blobs(n_samples=300, centers=4, cluster_std=0.60, random_state=0)

# k-means @OA4?O

kmeans = KMeans(n_clusters=4, random_state=0, n_init=10)

kmeans_labels = kmeans.fit_predict(X)

# DBSCAN @OA4?O
dbscan = DBSCAN(eps=0.5, min_samples=5) # eps 6ÝA5 min_samples B4§44C @4§O74O
dbscan_labels = dbscan.fit_predict(X)

print(f"k-means ARI: {adjusted_rand_score(y_true, kmeans_labels):.2f}")

print(f"DBSCAN ARI: {adjusted_rand_score(y_true, dbscan_labels):.2f}")

�?4EF9D?9G �?7BD<F@89DVA %4?OEFODG: &9EA<>4?O� �R4AEF4D

k-means: �O?84@ :ÝA9 <AFG<F<6FV, ¯?>9A 89D9>F9D :<OAFO�O ¯LVA F<V@8V. �VD4� 

>?4EF9D?9D8V§ K E4AOA4 íF9 E9;V@F4? :ÝA9 8í§79?9> CVLVA8V >?4EF9D?9D8V :4�EO 

F4548O. �4EF4C�O F9AFDB<8F4D8O F4§84G�4 (@OE4?O, k-means++ 4D�O?O) :ÝA9 

BDF4L4 >648D4FFO� �4LO�FO�F4D EB@4EOA @<A<@<;4F<S?4G�4 54�OFF4?�4A.

DBSCAN: &O�O;8O��4 A97V;89?79A 4?7BD<F@, >9; >9?79A CVLVA8V >?4EF9D?9D8V F454 

4?48O :ÝA9 LG8O í§89= 4?48O. �?4=84, 9>V A97V;7V C4D4@9FDV - eps (>íDLV?9E 

D48<GEO) :ÝA9 MinPts (@<A<@4?8O A¯>F9?9D E4AO) F4§84G íF9 >¯D89?V :ÝA9 

89D9>F9D8V§ FO�O;8O�OA4 54=?4AOEFO.

�4�4?4G �9FD<>4?4DO: Silhouette Score (VL>V), Adjusted Rand Index, Homogeneity, 

Completeness (EODF�O) E<S�FO @9FD<>4?4D >?4EF9D?9G @B89?VAV§ F<V@8V?V7VA 

B5N9>F<6FV F¯D89 54�4?4G�4 @¯@>VA8V> 59D98V. �?4D8O ÝDF¯D?V C4D4@9FD?9D@9A 

Q>EC9D<@9AF :4E4G >9;VA89 9§ :4�EO @B89?P8V F4§84G ¯LVA �B?84A48O.

�4�O?4G %µD4�F4DO

k-means C9A DBSCAN 4?7BD<F@89DVAV§ 4DE<F9>FGD4?O� :ÝA9 �B?84AG 4=@4�F4DOA84�O A97V;7V 4=OD@4LO?O�F4DOA E<C4FF4§O;.

scikit-learn-84 Homogeneity :ÝA9 Completeness @9FD<>4?4DOA �4?4= <AF9DCD9F4F<S?4G�4 5B?48O :ÝA9 B?4D8O§ V-measure-@9A 54=?4AOEO �4A84=?

DBSCAN 4?7BD<F@VA897V eps :ÝA9 MinPts C4D4@9FD?9DVA F4§84G 89D9>F9D8V§ >?4EF9D?9G AÝF<:9?9DVA9 �4?4= ÝE9D 9F98V?
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