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



�ÝDVEFV§ <4�E4FO

�484�4?4A54=FOA B�OFG (Unsupervised Learning) Fµ:ODO@84@4EO@9A :ÝA9 BAO§ �484�4?4A4FOA B�OFG84A 
4=OD@4LO?O�O@9A F4AOEFODG. �EO84A >9=VA, >?4EF9D?9G8V§ A97V;7V <89OEOA 3 89D9>F9D8V VL>V �µDO?O@OA4 �4D4= 
FBCF4D�4 5í?G8V F¯EVA8VDG �4D4EFODO?48O.

�ÝDVE F9AFDB<8�4 A97V;89?79A 9§ F4AO@4? Ý8VE 3 K-Means 4?7BD<F@VA, BAO§ :µ@OE VEF9G �484@84DOA, 4DFO�LO?O�F4DO 
@9A >9@LV?V>F9DVA F4?84G@9A :4?�4E48O. %BAO@9A �4F4D, FO�O;8O��4 A97V;89?79A DBSCAN Ý8VEVA ;9DFF9G, BAO§ K E4AOA 
�4:9F 9FC9=FVAVA, LG8O 4AO�F4= 4?4FOAOA :ÝA9 >¯D89?V CVLVA89D8V F454FOAOA >íDE9FG >í;89?79A.

��4A �BE4, K-Means ¯LVA K >?4EF9D?9DVAV§ B§F4=?O E4AOA F4§84G Ý8VEF9DVA @9§79DFG @4�E4F 9FV?98V. %B§OA84, 
�9D4DE<O?O� >?4EF9D?9G :ÝA9 BAO§ AÝF<:9EVA 89A8DB7D4@@4 4D�O?O 6<;G4?<;4F<O?4G �4D4EFODO?48O.

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


�57V77V EµD4�F4D

�484�4?4A54=FOA B�OFG 8979AV@V; A9 :ÝA9 BAO§ �484�4?4A4FOA B�OFG84A 4=OD@4LO?O�O A989?1.
�?4EF9D?9G8V§ A97V;7V CD<AJ<CV �4A84=?2.
K-Means 4?7BD<F@VAV§ A97V;7V �484@84DO �4A84=?3.
DBSCAN K-Means-F9A A9EV@9A 9D9>L9?9A98V :ÝA9 B�4A �4A84= C4D4@9FD?9D �4:9F?4.
K-Means ¯LVA K-AO§ B§F4=?O E4AOA F4§84G�4 4DA4?�4A ",OAF4�" Ý8VEV (Elbow Method) �4?4= :µ@OE VEF9=8V?5.
%<?GMF >BMHH<J<9AFV A9AV í?L9=8V :ÝA9 BAO§ @ÝAV -1-79 :4�OA 5B?E4, 5µ? A9AV 5V?8VD98V?6.
�9D4DI<O?O� >?4EF9D?9G8V§ "F97VE" >?4EF9D?9G89A (K-Means) 4=OD@4LO?O�O A989?7.

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


�OE�4L4 <47<µ=O (F578EF5D)

�V; >í5VA9E9 "59?7V?9A79A" 89D9>F9DV (X :ÝA9 Y) 54D �484�4?4A4FOA B�OFG8O (Supervised Learning) �4D4EFOD8O�. �íC :4�84=84 5V;89 "8µDOE :4G4CF4D" (y) 
5B?@4=8O, F9> 89D9>F9D :<OAFO�O (X) 5B?48O. �µ? �484�4?4A54=FOA B�OFG (Unsupervised Learning) 89C 4F4?48O.

�?4EF9D?9G 3 5µ? �484�4?4A54=FOA B�OFG8O§ 9§ F4AO@4? @VA89FF9DVAV§ 5VDV. �97V;7V <89OEO 3 89D9>F9D :<OAFO�OA 5VD-5VDVA9 µ�E4E AOE4A84D84A 
FµD4FOA FBCF4D�4 (>?4EF9D?9D79) 5í?G.

K-Means (K-�DF4L4?4D) Ý8VEV - 5µ? 9§ F4AO@4?, J9AFDB<8�4 (>?4EF9D8V§ 79B@9FD<O?O� BDF4?O�O) A97V;89?79A 4?7BD<F@. �4�E4FO 3 89D9>F9D8V 4?8OA-
4?4 59DV?79A K E4AO 5B=OAL4 K >?4EF9D79 5í?G.

DBSCAN (&O�O78O��4 A97V789?79A >?4EF9D?9G) - 5µ? FO�O;8O� µ�O@OA4 A97V;89?79A. �89OEO, >?4EF9D 3 5µ? 5VD-5VDVA9 :4�OA (FO�O;) A¯>F9?9D, 4? E<D9> 
A¯>F9?9D 3 LG. K E4AOA F4?4C 9FC9=8V, >9;->9?79A CVLVA897V >?4EF9D?9D8V F454 4?48O :ÝA9 LG8O 4AO�F4=8O. �>V C4D4@9FD8V �4:9F 9F98V: eps (>íDLV?9E 
D48<GEO) :ÝA9 min_pts (A97V;7V A¯>F9 5B?G ¯LVA �4:9FFV @<A<@4?8O A¯>F9?9D E4AO).

�§F4=?O K E4AOA F4§84G
",OAF4�" Ý8VEV (Elbow Method) - WCSS (Within-
Cluster Sum of Squares) @9FD<>4EOA4 
A97V;89?79A. WCSS 3 5µ? >?4EF9D VLVA897V 
A¯>F9?9D89A J9AFDB<8�4 89=VA7V 
�4LO�FO�F4D8O§ �BEOA8OEO.

%<?GMF >BMHH<J<9AFV
ÜD A¯>F9AV§ í; >?4EF9DVA89 �4AL4?O�FO 
":4�EO" BDA4?4E�4AOA í?L9=8V. �? a(i) 
(A¯>F9AV§ í; >?4EF9DV@9A BDF4L4 
�4LO�FO�O) :ÝA9 b(i) (A¯>F9AV§ 9§ :4�OA 
54E�4 >?4EF9D@9A BDF4L4 �4LO�FO�O) 
@ÝA89DVA E4?OEFOD48O.

�9D4DI<O?O� >?4EF9D?9G
K-Means A9@9E9 DBSCAN E<O�FO "F97VE" 9@9E, 
>?4EF9D?9D8V§ "4�4L FÝDV;8V" �µDO?O@OA 
(<9D4DI<OEOA) �µD48O. �77?B@9D4F<6FV 
("Fí@9AA9A :B�4DO") Ý8VE :<V �B?84AO?48O, 
ÝD5VD A¯>F9 :9>9 >?4EF9D D9FVA89 54EF4?OC, 
9§ :4�OA 9>9GV 5VD ¯?>9A >?4EF9D79 
5VDV>FVDV?98V.

�ÝF<:9EV �9A8DB7D4@@4 4D�O?O 6<;G4?<;4J<O?4A48O. K-AO 4?8OA 4?4 F4§84G8O§ BDAOA4, 89A8DB7D4@@4AO 59?7V?V 5VD 5<V>FV>F9 ">9EG79" 5B?48O.
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�?4EF5D?5G <45OEO

�EO�4 89=VA7V 8ÝDVEF9D89 5V; >í5VA9E9 �444�4?4=4FO= >�OFG (supervised learning) Ý8VEF9DVA �4D4EFOD8O�. �±? Ý8VEF9D89 5V;89 "59?7V?9A79A" 
(labeled) 89D9>F9D 5B?8O: 5V; @B89?P79 >VDVE 89D9>F9D8V ( X ) �4A4 9@9E, EBAO@9A �4F4D B?4D�4 EÝ=>9E "8±DOE :4G4CF4D8O" ( y ) 84 59D8V> 
(@OE4?O, "5±? EGD9F 3 @OEO�", "5±? email 3 EC4@"). �B89?P8V§ @4�E4FO X C9A y 4D4EOA84�O 54=?4AOEFO ¯=D9AG 5B?8O.

�VD4� >íC :4�84=84 5V;89 "8±DOE :4G4CF4D" 5B?@4=8O. �V;89 F9> 89D9>F9D :<OAFO�O ( X ) 5B?48O. �±? �444�4?4=54=FO= >�OFG (unsupervised 
learning) 89C 4F4?48O. �±A84= :4�84=84 5V;8V§ @4�E4FO@O; 3 @B89?P8V§ BEO 89D9>F9D8V§ VL>V �±DO?O@OA, :4EODOA ;4§8O?O�F4DOA A9@9E9 
FBCF4DOA í;8V7VA9A F45GO.

�?4EF5D?5G (Clustering) 3 5±? �484�4?4A54=FOA B�OFG8O§ 9§ F4AO@4? :ÝA9 VD79?V @VA89FF9DVAV§ 5VDV.

�?4EF9D?9G8V§ A97V;7V <89OEO 3 89D9>F9D :<OAFO�OA 5VD-5VDVA9 ±�E4E AOE4A84D84A (A¯>F9?9D89A) F±D4FOA FBCF4D�4, O�A< >?4EF9D?9D79 5í?G.

�97V;7V CD<AF<C
�VD >?4EF9D8V§ VLVA897V AOE4A84D 5VD-5VDVA9 @4>E<@4?8O ±�E4E 5B?GO >9D9>.
ÜDF¯D?V >?4EF9D?9D897V AOE4A84D 5VD-5VDVA9 @4>E<@4?8O ±�E4E 9@9E (4?OE) 5B?GO >9D9>.

°�E4EFO� >í5VA9E9 �4LO�FO� @9FD<>4EO 4D�O?O í?L9A98V. �§ :<V �B?84AO?4FOA @9FD<>4 3 �6>?<4FV> �4LO�FO�:

�>V p = ( p¡ , p¢ ) :ÝA9 q = ( q¡ , q¢ ) A¯>F9?9DVAV§ 4D4�4LO�FO�O: d ( p , q ) = :((q¡ 2 p¡)² + (q¢ 2 p¢)²)

�¯7VA 5V; >?4EF9D?9G8V§ 9>V A97V;7V :ÝA9 5VD-5VDVA9A F¯5979=?V í;79L9 Ý8VEVA �4D4EFOD4@O;: K-Means 6Ý=5 DBSCAN.
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�?4EF9D?9G @B89?P89DV
K-Means 4?7BD<F@V

K-Means 3 >?4EF9D?9G 4?7BD<F@89DVAV§ VLVA897V 9§ F4AO@4? :ÝA9 �4D4C4=O@84DOAO§ 5VDV. �µ? F9AFDB<8�4 (centroid) A97V;89?79A 4?7BD<F@. "&9AFDB<8" 3 5µ? >?4EF9D8V§ 79B@9FD<O?O� 
BDF4?O�OA 5V?8VD9FVA A¯>F9.

�?7BD<F@AV§ A97V;7V <89OEO 3 4?8OA-4?4 59DV?79A K E4AO 5B=OAL4 89D9>F9D8V K >?4EF9D79 5í?G. �? ÝD5VD A¯>F9AV EB? A¯>F979 9§ :4�OA BDA4?4E�4A F9AFDB<8�4 :4F�O;G 4D�O?O :µ@OE 
VEF9=8V.

K-Means 4?7BD<F@VAV§ �484@84DO:

1 K E4AOA F4§84G
�?7BD<F@8V VE>9 �BEC4E 5µDOA, 5V; 89D9>F9D8V �4AL4 >?4EF9D79 5í?7V@V; >9?9FVAVA (K E4AOA) í;V@V; L9LGV@V; >9D9>.

2 &9AFDB<8F4D8O <A<F<4?<;4F<O?4G
�9D9>F9D >9§VEFV7VA9A >9;89=EB� K A¯>F9AV F4§84C, B?4D8O 54EF4C�O F9AFDB<8F4D D9FVA89 59?7V?9G.

3 �¯>F9?9D8V F4�4=OA84G (Assignment Step)

�9D9>F9D :<OAOA84�O ÝD5VD A¯>F9AV§ 54D?O� K F9AFDB<8�4 89=VA7V �4LO�FO�OA 9E9CF9C, A¯>F9AV í;VA9 9§ :4�OA F9AFDB<8�4 F<9EV?V >?4EF9D79 F4�4=OA84G.

4 &9AFDB<8F4D8O :4§4DFG (Update Step)
�4D?O� A¯>F9?9D F4�4=OA84?OC 5B?�4AA4A >9=VA, ÝD5VD K >?4EF9D ¯LVA :4§4 F9AFDB<8FO 9E9CF9G. �4§4 F9AFDB<8 3 EB? >?4EF9D79 F<9EV?V 54D?O� A¯>F9?9D8V§ BDF4L4 
4D<H@9F<>4?O� @ÝAV.

5 �4=F4?4G

3-LV :ÝA9 4-LV �484@84D8O F9AFDB<8F4D8O§ BDAO FµD4�F4A�4A�4 89=VA A9@9E9 A¯>F9?9D8V§ >?4EF9D79 F<9EV?V?V7V í;79D@9=FVA 5B?�4A�4 89=VA �4=F4?4G.

�DFO�LO?O�F4DO:

ìF9 :O?84@ :ÝA9 9E9CF9G FµD�OEOA4A F<V@8V.
&¯EVAG79 :ÝA9 VE>9 4EODG�4 B§4=.
®?>9A 89D9>F9D :<OAOA84 :4�EO :µ@OE VEF9=8V.

�9@LV?V>F9DV:

K E4AOA 4?8OA-4?4 5V?G >9D9> 3 9§ ¯?>9A @ÝE9?9.
�4EF4C�O <A<F<4?<;4F<O�4 E9;V@F4?.
"%H9D4?O�" >?4EF9D?9D8V 5B?:4=8O.
",G�4" (Outliers) E9;V@F4?.
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DBSCAN 4?7BD<F@V

K-Means >?4EF9D?9D8V BDF4?O� A¯>F9 (F9AFDB<8) 4D�O?O 4AO�F4E4, DBSCAN @¯?89@ 54E�4L4 :µ@OE VEF9=8V. �AO§ A97V;VA89 FO�O78O� (density) µ�O@O :4FOD. DBSCAN-AO§ A97V;7V <89OEO: 
"�?4EF9D 3 5µ? 5VD-5VDVA9 :4�OA BDA4?4E�4A (FO�O;) A¯>F9?9D8V§ :<OAFO�O". &O�O; 4=@4�F4D8O§ 4D4EOA84�O E<D9> A¯>F9?9D LG (noise) A9@9E9 LO�4DOA8O?4D (outliers) D9FVA89 
�4D4EFODO?48O.

�µ? 4?7BD<F@ K-Means-F9A 9>V AÝDE9EV@9A 9D9>L9?9A98V:

�? >?4EF9D?9D8V§ E4AOA (K) 4?8OA-4?4 F4?4C 9FC9=8V. �? >9;->9?79A CVLVA897V (@OE4?O, ":4DFO 4=" A9@9E9 "L9§59D") >?4EF9D?9D8V F454 4?48O :ÝA9 LG8O íF9 :4�EO 4AO�F4=8O.

DBSCAN C4D4@9FD?9DV:

eps (Epsilon, ÷)
�VD A¯>F9AV§ 4=A4?4EOA84�O ">íDLV?9E" 4=@4�FO§ D48<GEO.

min_pts
�VD A¯>F9AV "A97V;7V" A¯>F9 89C E4A4G ¯LVA BAO§ ÷-D48<GEOA84 5B?GO >9D9> A¯>F9?9D8V§ 
@<A<@4?8O E4AO (A¯>F9AV§ í;VA �BE4 4?�4A84).

�EO C4D4@9FD?9D79 E¯=9A9 BFODOC, DBSCAN 54D?O� A¯>F9?9D8V ¯L F¯D79 5í?98V:

�97V77V =¯>F9 (Core Point): �79D A¯>F9AV§ ÷-D48<GEOA84 >9@ 8979A89 min_pts E4AOA84= A¯>F9 5B?E4. �µ? 3 >?4EF9D8V§ "VL>V" A¯>F9EV.
,9>4D4?O� =¯>F9 (Border Point): �79D A¯>F9AV§ ÷-D48<GEOA84 min_pts E4AOA4A 4; A¯>F9 5B?E4, 5VD4� B? >9@ 8979A89 5VD A97V;7V A¯>F9AV§ ÷-D48<GEOA84 :4FE4. �µ? 3 >?4EF9D8V§ "L9F>V" 
A¯>F9EV.
,G =¯>F9EV (Noise Point/Outlier): �97V;7V 89, L9>4D4?O� F4 9@9E A¯>F9. �? 9L5VD >?4EF9D79 :4FC4=8O.

DBSCAN 4?7BD<F@VAV§ �484@84DO:

01

�9;89=EB�, Ý?V �4D4?@4�4A A¯>F9AV F4§84G.

02

�AO§ ÷->íDLV?9DVA F45G: �79D B? A97V;7V A¯>F9 5B?E4, :4§4 >?4EF9D 54EF4?48O :ÝA9 54D?O� 
FO�O;8O� 4D�O?O �B? :9FV@8V A¯>F9?9D �BEO?48O.

03

�79D B? L9>4D4?O� A9@9E9 LG A¯>F9EV 5B?E4, G4�OFL4 ",G" 89C 59?7V?9A98V.

04

�4D?O� A¯>F9?9D �4D4?�4A�4 89=VA �4=F4?4G.
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�D4>F<>4?O� @OE4?: IT->BAH9D9AF<O A9F6BD><A7 E9EE<O?4DO

�?9EF9FV§V;, EV; ¯?>9A IT->BAH9D9AJ<OEOA µ=O@84EFODOC :4FODEO; :ÝA9 1000 �4FOEGLO�4 4DA4?�4A A9F6BD><A7 (F4AOEG) E9EE<O?4DOA :4E4GO§O; >9D9>. �4�E4F 3 µ�E4E 
�O;O�GLO?O�F4DO A9@9E9 84�8O?4DO 54D 484@84D8O 5VD FBC�4 :<A4G.

1. �9D9>F9D8V :<A4G:

ÜD5VD �4FOEGLO84A E4G4?A4@4 4?OA8O:

q1: �4�84D?4@4?4G FÝ:VD<59EV (0-20 :O?)
q2: �97V;7V F9IAB?B7<OEO (Python, Java, C++, JS, ...)
q3: �O;O�GLO?O� E4?4EO (AI, Web, Mobile, DevOps, ...)

2. �9D9>F9D8V 84=OA84G:

"Python", "AI" E<O�FO >4F97BD<O?O� 89D9>F9D8V E4A8O� F¯D79 (@OE4?O, One-Hot Encoding 4D�O?O) 4=A4?8ODG >9D9>. �ÝF<:9EVA89 ÝD5VD �4FOEGLO >íC í?L9@8V 69>FBD�4 
4=A4?48O (@OE: [5, 1, 0, 0, 1, 0, 0] - 5 :O? FÝ:VD<59, Python, AI).

K-Means �B?84AE4�:

�V; 4?8O@9A A9F6BD><A7 ¯LVA �4AL4 ¯EF9? (FBC) �4:9F 9>9AVA L9LGV@V; >9D9> 
(@OE4?O, K = 10).
K-Means 1000 �4FOEGLOAO 10 FBC�4 5í?98V.
�ÝF<:9: �VD FBC "5-7 :O? FÝ:VD<59EV 54D Java/Web Ý;VD?9GLV?9DV", 9>VALV FBC "0-2 
:O? FÝ:VD<59EV 54D Python/AI EFG89AFF9DV" 5B?GO @¯@>VA.
�ÝE9?9: K-Means 54D?O� 1000 484@8O @VA89FFV F¯D89 10 FBCFO§ 5VDVA9 
F4�4=OA84=8O.

DBSCAN �B?84AE4�:

�V; K E4AOA 59D@9=@V;. �AO§ BDAOA4 eps :ÝA9 min_pts C4D4@9FD?9DVA 59D9@V;.
�ÝF<:9: DBSCAN 5VD-5VDVA9 íF9 µ�E4E 30 484@A4A FµD4FOA "Senior DevOps 
@4@4A84DO" FB5OA, 15 484@A4A FµD4FOA "Mobile (Flutter) Ý;VD?9GLV?9DV" FB5OA 
F4548O.
�§ @4§O;8OEO: DBSCAN EBAO@9A �4F4D 50 484@8O ",G" 89C F4§54?4GO @¯@>VA. 
�µ? 484@84D8O§ CDBH<?P89DV 9L5VD FO�O; FBC�4 EÝ=>9E >9?@979A.
�µ? "9D9>L9" @4@4A84D�4 5í?9> E9EE<O µ=O@84EFODG�4 5B?48O.

�µ? @OE4? DBSCAN-AO§ <>9@8V?V7VA :ÝA9 K-Means-FV§ �4@4?4=O@8O?O�OA >íDE9F98V.
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�§F4=?O >?4EF5D E4AOA F4§44G (K-Means ¯LVA)

�B�4DO84 4=F�4AO@O;84=, K-Means-FV§ 54EFO >9@LV?V7V 3 K E4AOA 4?8OA-4?4 5V?G �4:9FFV?V7V. �79D 5V; K = 3 89C F4§84E4�, 5VD4� 89D9>F9D89 5 F45<�< FBC 
5B?E4, AÝF<:9 A4L4D 5B?48O. K E4AOA F4§84G�4 >í@9>F9E9FVA 9>V F4AO@4? Ý8VE 54D.

",OAF4�" Ý4VEV (Elbow Method)

�µ? Ý8VE >?4EF9D?9G8V§ E4C4EOA í?L9=FVA WCSS (Within-Cluster Sum of Squares) @9FD<>4EOA4 A97V;89?79A.

WCSS 3 5µ? ÝD5VD >?4EF9D897V A¯>F9?9D89A EB? >?4EF9D8V§ F9AFDB<8OA4 89=VA7V �4LO�FO�F4D8O§ >648D4FF4DOAO§ �BEOA8OEO.

WCSS = 3�¬¡? 3³*C� 6x 2 centroid(C�)6²

�79D >?4EF9D?9D "FO�O;" (:4�EO) 5B?E4, WCSS @ÝAV Fí@9A 5B?48O. �79D >?4EF9D?9D "L4LOD4§�O" 5B?E4, WCSS :B�4DO 5B?48O.

Ü4VEFV§ �444@44DO:

1 K-Means 4?7BD<F@VA �4=F4?4G
K-Means 4?7BD<F@VA K-AO§ ÝDF¯D?V @ÝA89DV ¯LVA �4=F4?4C VE>9 �BEG.

2 WCSS @ÝAVA 9E9CF9G
ÜD5VD K ¯LVA WCSS @ÝAVA 9E9CF9G.

3 �D4H<>FV E4?G
K (X BEV) :ÝA9 WCSS (Y BEV) 4D4EOA84�O 7D4H<>FV E4?G. �D4H<>F9 K 
íE>9A E4=OA WCSS ÝD�4L4A Fí@9A89=FVAVA >íD9@V;.

4 ",OAF4�" A¯>F9EVA F45G
�V;8V§ V;89=FVAV@V; 3 WCSS-FV§ Fí@9A89G :O?84@8O�O >9A9FF9A 
54OG?4=FOA A¯>F9. �µ? A¯>F9 7D4H<>F9 "LOAF4��4" (elbow) µ�E4=8O. 
�EO "LOAF4�" A¯>F9EV K-AO§ B§F4=?O @ÝAV 5B?OC E4A4?48O.

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


%<?GMF >BMHH<F<5AFV (Silhouette Score)

�µ? 3 >?4EF9D?9G E4C4EOA 54�4?4G8O§ A9�µD?O@ E9AV@8V Ý8VEV. �? ÝD5VD A¯>F9AV§ í; >?4EF9DVA89 �4AL4?O�FO ":4�EO" BDA4?4E�4AOA í?L9=8V.

ÜD5VD i A¯>F9EV ¯LVA:

a(i): �EO A¯>F989A í;VAV§ >?4EF9DVA897V 54E�4 54D?O� A¯>F9?9D79 89=VA7V BDF4L4 �4LO�FO�. �µ? i A¯>F9EVAV§ í; >?4EF9DVA89 �4AL4?O�FO FO�O; BDA4?4E�4AOA >íDE9F98V 
(Fí@9A 5B?E4 :4�EO).
b(i): �EO A¯>F989A B�4A 9§ :4�OA 54E�4 >?4EF9D897V 54D?O� A¯>F9?9D79 89=VA7V BDF4L4 �4LO�FO�. �µ? 9§ :4�OA "5ÝE9>9?9E" >?4EF9D8V§ �4AL4?O�FO 4?OE 9>9AVA 
>íDE9F98V (:B�4DO 5B?E4 :4�EO).

i A¯>F9EVAV§ E<?GMF >BMHH<F<9AFV s(i):

s(i) = (b(i) 2 a(i)) / max(a(i), b(i))

s(i) j 1-79 :4�OA
b(i) k a(i). �¯>F9 í; >?4EF9DVA89 íF9 FO�O; :ÝA9 
54E�4 >?4EF9D?9D89A íF9 4?OE BDA4?4E�4A. �µ? 3 
íF9 :4�EO >?4EF9D?9G.

s(i) j 0-79 :4�OA
b(i) j a(i). �¯>F9 9>V >?4EF9D8V§ L9>4D4EOA84 
BDA4?4E�4A.

s(i) j -1-79 :4�OA
b(i) < a(i). �¯>F9 54E�4 >?4EF9D79 í;VAV§ >?4EF9DVA9 
�4D4�4A84 :4�OAOD4� BDA4?4E�4A. �µ? A¯>F9 
8µDOE F4�4=OA84?@4�4A.

Ü4VEFV§ �444@44DO:

01

K-Means 4?7BD<F@VA K-AO§ ÝDF¯D?V @ÝA89DV ¯LVA VE>9 
�BEG.

02

ÜD5VD K ¯LVA 54D?O� A¯>F9?9D8V§ BDF4L4 E<?GMF 
>BMHH<F<9AFVA 9E9CF9G.

03

�§ :B�4DO BDF4L4 E<?GMF >BMHH<F<9AFVA 59D79A K @ÝAV 
9§ B§F4=?O 5B?OC E4A4?48O.

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


�9D4DE8O?O� >?4EF9D?9G

�V; �4D4EFOD�4A K-Means :ÝA9 DBSCAN "F97VE" (flat) >?4EF9D?9G8V BDOA84=8O, O�A< B?4D 89D9>F9D8V 5VD 89§79=?V FBCF4D�4 5í?98V.

�9D4DE<O?O� >?4EF9D?9G 54E�4L4 FÝEV?8V ±EOA48O. �? >?4EF9D?9D8V§ "4�4L FÝDV;8V" �±DO?O@OA (<9D4DE<OEOA) �±D48O. �±? ÝEVD9E9 F4>EBAB@<O (5<B?B7<O84�O F¯D?9D8V :V>F9G) E<O�FO 
E4?4?4D84 C4=84?O.

�9D4DE8O?O� >?4EF9D?9G8V§ 9>V A97V77V F¯DV

�77?B@9D4F86FV (Agglomerative)

"&í@9AA9A :B�4DO" (bottom-up) Ý8VEV. ÜD5VD A¯>F9 :9>9 >?4EF9D D9FVA89 54EF4?48O (N A¯>F9 
= N >?4EF9D). %B84A EB§ ÝD �484@84 5VD-5VDVA9 9§ :4�OA 9>V >?4EF9D F45O?OC, 5VD ¯?>9A 
>?4EF9D79 5VDV>FVDV?98V. %B§OA84 54D?O� A¯>F9?9D 5VD �4A4 ¯?>9A >?4EF9D79 5VDV>>9AL9 
:4?�4E48O.

�868786FV (Divisive)

"�B�4DO84A Fí@9A" (top-down) Ý8VEV. �4D?O� A¯>F9?9D 5VD �4A4 ¯?>9A >?4EF9D89 5B?48O. 
�DBF9EE 54DOEOA84 ÝD �484@84 9§ ¯?>9A (A9@9E9 9§ ÝDF9>FV) >?4EF9D 9>V >VLVD9> 
>?4EF9D79 5í?VA98V. %B§OA84 ÝD5VD A¯>F9 :9>9 >?4EF9D 5B?�4AL4 :4?�4E48O.

�77?B@9D4F<6FV Ý8VE :<V �B?84AO?48O. �AO§ :±@OE VEF9GV ¯LVA ">?4EF9D?9D 4D4EOA84�O �4LO�FO�FO" �4?4= í?L9G >9D9>FV7VA 4AO�F4=FOA 5VDV>FVDG >D<F9D<=VA (linkage criterion) F4§84G 
>9D9>:

Single-Linkage

�>V >?4EF9D 4D4EOA84�O �4LO�FO� 3 B?4D8O§ 9§ 
:4�OA 9>V A¯>F9EVAV§ 4D4�4LO�FO�O.

Complete-Linkage

�>V >?4EF9D 4D4EOA84�O �4LO�FO� 3 B?4D8O§ 9§ 4?OE 
9>V A¯>F9EVAV§ 4D4�4LO�FO�O.

Average-Linkage

�>V >?4EF9D 4D4EOA84�O �4LO�FO� 3 54D?O� @¯@>VA 
:±CF4D 4D4EOA84�O BDF4L4 �4LO�FO�.

�9A8DB7D4@@4 (Dendrogram)

�9D4DE<O?O� >?4EF9D?9G8V§ AÝF<:9EVA 6<;G4?<;4F<O?4G8O§ 9§ :4�EO :B?O 3 89A8DB7D4@@4 E4?G.

�9A8DB7D4@@4 3 5±? >?4EF9D?9D8V§ �4?4= 5VDV>>9AVA (A9@9E9 5í?VA79AVA) >íDE9F9FVA 4�4L FÝDV;8V 8<47D4@@4.
&V> BEP (Y) 3 >?4EF9D?9D8V§ 5VDV7G �4LO�FO�OA >íDE9F98V. °;OA FV> EO;O�F4D 3 5VD-5VDVA9A 4?OE BDA4?4E�4A >?4EF9D?9D8V§ 5VDV>>9AVA 5V?8VD98V.
�?4EF9D E4AOA F4§84G: K-Means-F9A 4=OD@4LO?O�O, @±A84 K-AO 4?8OA 4?4 F4§84G8O§ �4:9FV :B�. �V; 89A8DB7D4@@4AO ">9E9" 4?4@O;. �<47D4@@4 4D�O?O >í?89A9§ EO;O� :¯D7V;G 
4D�O?O 5V; EB? EO;O� �<OC íF9FVA >?4EF9D E4AOA 4?4@O;. �±? 5V;79 K=2, K=3, K=4 :ÝA9 F.5. ¯LVA AÝF<:9?9D8V 5VD89A >íDG79 @¯@>VA8V> 59D98V.

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


�ÝDVEFV @5§75DG75 4DA4?�4A 54�O?4G EµD4�F4DO:
 1. �484�4?4A4FOA (Supervised) :ÝA9 �484�4?4A54=FOA (Unsupervised) B�OFG8O§ A97V;7V 4=OD@4LO?O�O A989? �OE4? 
>9?FVDV§V;. 

2. K-Means 4?7BD<F@VAV§ 4 A97V;7V �484@OA 4F4§O; (�A<J<4?<;4J<O, &4�4=OA84G, �4§4DFG, �4=F4?4G). 

3. DBSCAN 4?7BD<F@VAV§ K-Means-F9A 9>V A97V;7V 4DFO�LO?O�O �4A84=? 

4. DBSCAN-84 "�97V;7V A¯>F9" (Core Point) @9A ",9>4D4?O� A¯>F9" (Border Point) 4D4EOA84 �4A84= 4=OD@4LO?O� 54D?

 5. K-Means ¯LVA K E4AOA F4§84G�4 4DA4?�4A ",OAF4�" Ý8VEV (Elbow Method) �4?4= :µ@OE VEF9=8V? �D4H<>F9 5V; A9AV V;89=@V;?

 6. %<?GMF >BMHH<J<9AFV 0-79 :4�OA 5B?E4, 5µ? A9AV 5V?8VD98V?

 7. �9D4DI<O?O� >?4EF9D?9G89 "�9A8DB7D4@@4" A9 ¯LVA �B?84AO?48O?

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