
�9D9>F9D ì?L9@8V?V7VA &í@9A89FG: �97V;7V 
�B@CBA9AFF9D Ü8VEV (PCA)
�µ? CD9;9AF4F<O84 5V; @4L<A4?O� B�OFG84�O 89D9>F9D8V í§89G8V§ @4§O;8O Ý8VEV 4 �97V;7V �B@CBA9AFF9D Ü8VEVA 
(PCA) �4D4EFOD4@O;. PCA 3 89D9>F9D8V§ í?L9@VA 4;4=FG�4 4DA4?�4A >¯LFV EF4F<EF<>4?O� �µD4?, B? >¯D89?V 
89D9>F9D8V B§4=?4FG�4 :ÝA9 F4?84G�4 O§�4=?O 9FG79 @¯@>VA8V> 59D98V.

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



PCA ´�O@O @9A �4�E4FO

´�O@O

�97V;7V �B@CBA9AFF9D Ü8VEV (PCA) 3 5µ? 89D9>F9D8V§ 
í?L9@VA (dimensionality) 4;4=FG�4 4DA4?�4A 
EF4F<EF<>4?O� Ý8VE. �? ¯?>9A 89D9>F9D 
:<A4�F4DOA84�O 9§ @4§O;8O 4�C4D4FFO E4�F4= 
BFODOC, B?4D8O �4D4C4=O@ F¯D79 >9?FVD98V.

�4�E4FO

�9D9>F9D8V§ A97V;7V 4�C4D4FOA (8<EC9DE<OEOA) 
54DOAL4 E4�F4= BFODOC, 54EF4C�O 4=AO@4?O?4D8O 
:4§4, FÝG9?EV; 4=AO@4?O?4D�4 (A97V;7V 
>B@CBA9AFF9D79) F¯D?9A8VDG.

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


ì?L9@8V?V>FV§ �4D�OEO (Curse of Dimensionality)

ì?L9@8V?V>FV Fí@9A89FG8V§ �4:9FFV?V7V 89D9>F9D :<OAFO�OA84�O 4=AO@4?O?4D 
E4AOAO§ L9>F9A FOE >í59NVA9A FGOA84=8O. ì?L5@4V?V>FV§ �4D�OEO 89C 4F4?4FOA 
5µ? �µ5O?OE >9?9EV @ÝE9?9?9D79 Ý>9?98V:

&4?44G4O§ �<OA44GO: �=AO@4?O?4D E4AO 4DF�4A E4=OA 89D9>F9D8V F¯EVAG :ÝA9 
F4?84G >¯D89?9A9 F¯E98V.

�E5CF5G G4�OFOAO§ 4DFGO: �9D9>F9D >í?9@V ¯?>9=79A E4=OA 4?7BD<F@89D8V 
BDOA84G�4 >9F9FVA G4�OF F4 98ÝGVD 4DF48O.

�B45?P45D4V§ 4DFO� B�OFO?GO (overfitting): �íCF979A 4=AO@4?O?4D @B89?P8V§ 
B�G 89D9>F9DVA9 FO@ :4�EO 59=V@89?GVA9 Ý>9?VC, :4§4 89D9>F9D89 A4L4D AÝF<:9 
59DGV @¯@>VA.

PCA BEO @ÝE9?9AV L9LG8V§ F<V@8V :B?O, 89D9>F9D8V @4§O;8O 4�C4D4FFO :B�4?FC4= 
O�L4@84G�4 >í@9>F9E98V.

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


PCA-AO§ �97V;7V �DFO�LO?O�F4DO :ÝA9 
�B?84AO?GO

,G8O �;4=FG

�9D9>F9D897V �4:9FEV; LG8O :ÝA9 
�4=F4?4A4FOA 4�C4D4FFO 
(redundancy) 4;4=F48O, 5µ? 
F4?84G8O§ 8Ý?8V7VA 4DFFOD48O.

�<;G4?<;4F<OAO �9§V?89FG

®?>9A í?L9@8V 89D9>F9D8V 2D A9@9E9 
3D >9§VEFV>>9 F¯D?9A8VDG 4D�O?O 
B?4D8O B§4= 6<;G4?<;4F<O?4G�4 
@¯@>VA8V> 59D98V.

�G?PF<>B??<A94D?O�FO �BN

�=AO@4?O?4D 4D4EOA84�O 
FÝG9?8V?V>FV 4;4=FOC, @B89?P89D8V§ 
FµD4�FO?O�OA 4DFFOD48O.

PCA >9E>VA í§89G, 59FFV F4AG, �4D:O?O� 89D9>F9D8V F4?84G :ÝA9 @4L<A4?O� B�OFG8O§ 4?8OA84�O 4?8OA 4?4 í§89G E<O�FO 
>íCF979A E4?4?4D84 >9§VA9A �B?84AO?48O.

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


PCA �484@O: �9D9>F9D8V �4?OC�4 �9?FVDG

PCA 4?7BD<F@VAV§ 4?�4L�O :ÝA9 @4§O;8O �484@O 3 89@9>B9@8V 
AB4A84@BB4C (�4?O?�4 >9?BV@C).

�@B4L4 @ÝA: ÜD5VD 9D9>L9?V>FV§ (feature) BDF4L4 @ÝAVA 0-79 >9?FVDG.

%B4A84@BBO 4COB�C: ÜD5VD 9D9>L9?V>FV§ EF4A84DFFO 4GOF�GOA 1-79 
>9?FVDG.

�9?V>B9A �4:9B? %9595V PCA 8<EC9DE<O�4 íF9 E9;V@F4?. �79D 89D9>F9D 
EF4A84DFF4?@4E4, 8<EC9DE<OEO ¯?>9A 9D9>L9?V>F9D PCA AÝF<:9EVA9 

L4@484A FOE ÝE9D 9FGV @¯@>VA. %F4A84DFF4G 54D?O� 59?7V?9D8V§ F9§ ÝE9D 
9FGVA �4@F4@4EO; 9F98V, 5µ? Ý8V? :ÝA9 8Ý? AÝF<:9 4?G�4 >í@9>F9E98V.

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


�<EC9DE<O �4FD<F4EOA (Covariance Matrix) �µDG

�9D9>F9D8V EF4A84DFF4�4AA4A >9=VA 9>VALV �484@ 3 89D9>F9D8V§ 
8<EC9DE<O @4FD<F4EOA 9E9CF9G.

�<47BA4?P84�O Q?9@9AFF9D: ÜD5VD :9>9 4=AO@4?OAO§ 

8<EC9DE<OEOA, O�A< BAO§ í;79DG 8ÝD9:9EVA >íDE9F98V.

�<47BA4?P84A FOE Q?9@9AFF9D: �>V 4=AO@4?OAO§ 5VD-5VDV@9A 
�4AL4?O�FO 5VD79 í;79D9FVAVA (>B64D<4F<OEOA) >íDE9F98V. �§ 

>B64D<4F<O 4=AO@4?O?4D8O§ 5VD 54�OFF4, F9DVE >B64D<4F<O 
�4D4@4-�4DEO 54�OFF4 í;79D9FVAVA 5V?8VD98V.

�µ? @4FD<F4 89D9>F9D8V§ >íC í?L9@8V >9§VEFV>F97V 54�OFOA :ÝA9 
F4D4?GOA F¯EVAG ¯LVA íF9 @4§O;8O, E9595V B? 4=AO@4?O?4D 4D4EOA84�O 

í;4D4 54=?4AOEFO E<C4FF4=8O.

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


�9ALV>FV �ÝA89D (Eigenvalues) :ÝA9 �9>FBD?4D 
(Eigenvectors)
PCA-AO§ @4F9@4F<>4?O� A97V;V: 8<EC9DE<O @4FD<F4EOAO§ @9ALV>FV @ÝA89DV (Eigenvalues) @9A @9ALV>FV 69>FBD?4DOA (Eigenvectors) F45G.

�9ALV>FV �9>FBD?4D
�µ? 69>FBD?4D :4§4 A97V;7V >B@CBA9AFF9D8V§ 54�OFF4DOA 4AO�F4=8O. �?4D 89D9>F9D8V§ 9§ >íC 8<EC9DE<OEO LB�OD?4A�4A 54�OFF4D8O 
>íDE9F98V.

�9ALV>FV �ÝA89D
�µ? @ÝA89D ÝD5VD @9ALV>FV 69>FBD 54�OFOA84�O 8<EC9DE<O @í?L9DVA, O�A< EB? 54�OFF4�O 4�C4D4FFO§ �4AL4?O�FO >íC 9>9AVA 
>íDE9F98V.

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


�97V;7V �B@CBA9AFF9D8V �µDG
�9ALV>FV @ÝA89D8V ¯?>9AVA9A >VLVEVA9 �4D4= D9FF9G 4D�O?O 9§ @4§O;8O >B@CBA9AFF9D8V 4AO�F4=@O;:

1. $9FF9G

�9ALV>FV @ÝA89D8V (:ÝA9 B?4D�4 
EÝ=>9E @9ALV>FV 69>FBD?4D8O) 
¯?>9AVA9A >VLVEVA9 �4D4= D9FF9=@V;.

2. �VDVALV �B@CBA9AF (PC1)

�§ ¯?>9A @9ALV>FV @ÝA79 EÝ=>9E 
>9?9FVA @9ALV>FV 69>FBD �VDVALV 
�57V77V �B@CBA5AF (PC1) 5B?48O. 
�µ? >B@CBA9AF 89D9>F9D897V 9§ >íC 
8<EC9DE<OAO (9§ >íC 4�C4D4FFO) 
�4@F<8O.

3. �9?9EV �B@CBA9AFF9D

�9?9EV >B@CBA9AFF9D (PC2, PC3, 

F.5.) 5µDOA�O?4DOA4 BDFB7BA4?L 
(FÝG9?EV;) 5B?48O :ÝA9 �4?�4A 
8<EC9DE<OAO @4>E<@4?8O F¯D89 

F¯EVA8VD98V. �EO?4=L4, ÝD5VD :4§4 
>B@CBA9AF 89D9>F9D897V 5µDOA 
F¯EVA8VDV?@979A 4�C4D4FFO 
�4@F<8O.

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


�§F4=?O �B@CBA9AFF9D %4AOA &4§84G
ì?L9@8V?V>FV Fí@9A89FG ¯LVA �4AL4 A97V;7V >B@CBA9AFFV E4�F4G >9D9>FV7VA 4AO�F4G íF9 @4§O;8O. �? ¯LVA 5VDA9L9 Ý8VE 54D:

1

1. �<EC9DE<O �4=O;O

�§ >íC �B?84AO?4FOA Ý8VE 3 
68=4�B4;�4= 48A?5@A8O ?49O7O= 
E4�F4G. Ü89FF9, 80%-44= 95%-�4 89=VA7V 
8<EC9DE<OAO E4�F4=FOA >B@CBA9AFF9D 
E4AOA F4§84G :9F>V?V>FV 5B?OC 
9E9CF9?98V. �µ? 89D9>F9D8V§ >íC 5í?V7VA 

E4�F4= BFODOC, LG8O 4;4=FG�4 
@¯@>VA8V> 59D98V.

2

2. &4E-�µ?4@4 �D4H<7V (Scree 
Plot)

�µ? 7D4H<> ÝD >B@CBA9AFFV§ @9ALV>FV 
@ÝAVA >íDE9F98V. �D4H<>F97V «LO=B4�» 
(elbow) A¯>F9EV, O�A< Fí@9A89G 
�4D�OAO >¯DF 5ÝE9§89=FVA A¯>F9 

B§F4=?O >B@CBA9AFF9D E4AO 5B?OC 
E4A4?48O.

3

3. �4=;9D �D<F9D<=V

�4=;9D �D<F9D<=V �4D4C4=O@ 9D9:9 
µEOA48O: F9> <5=LV:BV <Ý=V 1-45= ¯;:5= 
>B@CBA9AFF9D8V �4A4 F4§84G. %9595V 
@9ALV>FV @ÝAV 1-89A ¯?>9A 
>B@CBA9AFF9D 54EF4C�O 
9D9>L9?V>F9D8V§ >@B4L4 
48A?5@A8OAO=4= 4DFO� 4�C4D4F 59D98V.

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


�BDOFOA8O: PCA-AO§ �9D9>F9D8V &4?84G84�O $í?V

�97V;7V �B@CBA9AFF9D Ü8VEV (PCA) 3 >¯D89?V 89D9>F9D8V B§4=?4FG84�O, F4?84G�4 :ÝA9 6<;G4?<;4F<O?4G�4 O§�4=?O 9FG897V 9§ �G4FFO 

�µD4?84D8O§ 5VDV. �? 89D9>F9D8V í§89G897V "�4D4 :ÝLV>" 9@9E, >9DVEVAL9, 89D9>F9D8V§ VL>V �µDO?O@OA F¯EVAG79 >í@9>F9E9FVA 4LO� :ÝA9 
F¯EVAV>FV Ý8VE.

PCA 4D�O?O í?L9@8V?V>FV F<V@8V Fí@9A89FG @4L<A4?O� B�OFG @B89?P89DVAV§ 6µ@OE 6O?44@4O�OA 4DFFODOC �4A4 �B=@4=, B?4D8O§ 
64??O?4G �45V?5FVA (generalization) 89 :4�E4DF48O.

PCA-AO§ F45OEFO �B?84AO?GO BAO§ @4F9@4F<>4?O� �484@84DOA 8µDOE F¯EVAG79 :ÝA9 B§F4=?O >B@CBA9AFF9D E4AOA 8µDOE F4§84G�4 
54=?4AOEFO.

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

