
�ÝDVE 9. �4L<A4?O� B�OFG 
4?7BD<F@89DV (1 5í?V@)

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



�ÝDVEFV§ <4�E4FO

�4L<A4?O� B�OFG8O§ (ML) A97V;7V µ�O@84DO@9A, BAO§ :4E4A8O <AF9??9>F (AI) E4?4EOA84�O BDAO@9A :ÝA9 89D9>F9D 
�O?O@OA84�O @4§O;8O?O�O@9A F4AOEFODG.

�ÝDVE @4L<A4?O� B�OFG 4?7BD<F@89DVAV§ @B89?P �µDG84�O ":¯D97V" 9>9AVA F¯EVA8VD98V. �EO A97V;7V µ�O@84D84A >9=VA, ¯L 
A97V;7V, VD79?V 4?7BD<F@@9A F4AOEFODG >í;89?98V: K-:4�OA >íDLV?9D (KNN), �§�4? �4=9E (Naïve Bayes) :ÝA9 �4D4C4=O@ 
EO;O�FO� D97D9EE<O.

%B§OA84, BEO ÝD 4?7BD<F@AV§ A97V;7V <89OEO, @4F9@4F<>4?O� A97V;V, 4DFO�LO?O�F4DO @9A >9@LV?V>F9DV F4?84A4FOA 
5B?48O.
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�57V77V EµD4�F4D

�4L<A4?O� B�OFG 8979AV@V; A9 :ÝA9 BAO§ A97V;7V @4�E4FO �4A84=?1.
K-:4�OA >íDLV?9D (KNN) 4?7BD<F@V �4?4= :µ@OE VEF9=8V :ÝA9 "k" A9 ¯LVA �4:9F?2.
"�§�4? �4=9E" (Naïve Bayes) >?4EE<H<>4FBDO A9?V>F9A "4§�4?" 89C 4F4?48O?3.
�4D4C4=O@ EO;O�FO� D97D9EE<OAO§ A97V;7V F9§89GV �4A84= :ÝA9 BAO§ @4�E4FO A989?4.
�EO ¯L 4?7BD<F@AV§ A97V;7V 4=OD@4LO?O�F4DO @9A �B?84AG E4?4?4DO �4A84=?5.
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�OE�4L4 <47<µ= (F578EF5D)

�4L<A4?O� B�OFG (ML)
�µ? :4E4A8O <AF9??9>FFV§ (AI) @4§O;8O E4?4EO. �? 
>B@CPNF9D?9D79 9D9:9?9D 4D�O?O 9@9E, 89D9>F9D 
¯?7V?9DVA897V ¯?7V?9D8V F45G 4D�O?O í;8V7VA9A 5V?V@ 4?G�4 
@¯@>VA8V> 59D98V. ML 89D9>F9D �O?O@OA84 5B?:4G (prediction), 
>?4EE<H<>4F<O?4G (classification) :ÝA9 >?4EF9D?9G (clustering) 
¯LVA A97V;7V �µD4? 5B?OC F45O?48O.

�?7BD<F@89D @B89?P8V§ ":¯D97V"
�?4D @Ý?V@9FF9D89A ;4§8O?O�F4D8O V;89=8V. �µ? 8ÝDVE ¯L 
A97V;7V 4?7BD<F@79 4DA4?�4A: KNN, �§�4? �4=9E :ÝA9 
%O;O�FO� D97D9EE<O.

K-64�O= :í@LV;5@ (KNN) - 5µ? 54�O?4A4FOA B�OFG (supervised learning) 4?7BD<F@V. �97V;7V <89OEO 3 :4§4 B5N9>FVAV§ >?4EO BAO§ 9§ 
:4�OA "k" >íDLV?9DVAV§ >?4EOA4 (>íCLV?V7VA9) A97V;89?VC 4AO�F4?48O. �? B5N9>FV?9D 4D4EOA84�O �4LO�FO�FO (@OE4?O, �6>?<8FV>) 
9E9CF9=8V.

�§�4; �495A (Naïve Bayes) - 5µ? O�F<@4?8O��4 A97V;89?79A :V>F9G 4?7BD<F@V. �? �4=9E F9BD9@4EOA �B?84A4 BFODOC, B5N9>FVAV§ 
59?7V?V 5VD >?4E�4 :4FG O�F<@4?8O�OA 9E9CF9=8V. "�§�4?" 89C 4F4?GOAO§ E9595V 3 B? ÝD5VD 59?7VAV§ (feature) 54E�4 59?7V?9D89A 
FÝG9?EV; 9>9AVA �45O?84=8O.

�4@4?49O< AO7O�BO� @57@5AA8O - 5µ? FÝG9?8V 4=AO@4?O (y) @9A FÝG9?EV; 4=AO@4?O (x) 4D4EOA84�O EO;O�FO� �4FOA4EFO 
@B89?P89=FVA 5B?:4@8O F4?84G Ý8VEV. �B89?P F9§89GV: y=w�x+b. �4�E4FO 3 �4F9?V> HGA>F<OEOA (@OE4?O, MSE) 4;4=F4FOA 9§ :4�EO Ë 
(E4?@4�) :ÝA9 b (O�OEG) @ÝA89DVA F45G.

�BDOFOA8O?4=FOA 5B?E4�, KNN µ�E4EFO��4, Naïve Bayes O�F<@4?8O� ;4§OA4, 4? %O;O�FO� D97D9EE<O EO;O�FO� �4FOA4EFO 
@B89?P89G79 A97V;89?79A.
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�V@VA?5

�0L<A0?O� B�OFG (Machine learning) - 1µ? >B@CPNF9D?V> :¯=9?9D79 A0�FO AµE�0G?0D 19D@9=, FÝ:VD<19 @9A @Ý?V@9FF9D A97V;VA89 
í;8V7VA9A 1V?V@ 0?G�0 :ÝA9 :9FV?8VDG79 @¯@>VA8V> 19D9FVA :0E0A8O <AF9??9>FFV§ (Artificial Intelligence) @0§O;8O E0?0EO.

/�A<, @0L<A0 19?7V?V 1VD F0CEOD@0AO 9D9:9?9D 0D�O?O 9@9E, 89D9>F9D ¯?7V?9DVA897V ¯?7V?9D8V F01G 0D�O?O BDOA80G8O ¯=D9A98V.

�0L<A0?O� B�OFG �0;VD7V G0�OFF0 89D9>F9D �O?O@O, DB1BFBF9IA<>0, @98<J<A0, �0D:O, @0D>9F<A7, ><19D�0GVCEV;8V> :ÝA9 10E�0 80 
>íCF979A E0?0?0D80 L9LV@ �01O?80G8O§ A97V;7V �µD0?OA0 0=A0?8O. �? ¯?>9A 89D9>F9D8V(Big Data) F0?80G, 1B?:0G (prediction), 
>?0EE<H<>0J<O?0G (classification), >?0EF9D?9G (clustering) :ÝA9 ¯?7VAV F0AG (pattern recognition) E<O�FO F0CEOD@0?0D8O BDOA80=8O.

�0L<A0?O� B�OFG8O§ A97V;7V @0�E0FO - @B89?P �µDG, O�A< A0�FO Ý?9@897V �µ1O?OEF0D8O @0F9@0F<>0?O� E<C0FF0= 0?0FOA 
HGA>J<OAO F01G. �µ? @B89?P :0§0 89D9>F9D >9?79A E0=OA 1B?:0@OA :0�E0DFG 0D�O?O FÝ:VD<1989A E010� 0?08O.

�4L<A4?O� B�OFG84 4?7BD<F@89D @B89?P8V§ ":¯D97V" 5B?OC F45O?48O. �?0D @Ý?V@9FF9D89A ;0§8O?O�F0D8O V;89=8V, 
HGA>J<O?0D8O D9FF9=8V (F¯;G, �<EO�, O�F<@0?8O� L9>0D0EO :ÝA9 F.1.), :ÝA9 :0§0 @OE0?80D ¯LVA 8µDOE L9LV@ �01O?80G ¯LVA 
@B89?P8V 19=V@89§V;.

ÜD1VD 0?7BD<F@AV§ í;VA8V> 9D9>L9?V>F9DV 10D: B?0D8O§ >9=1VD9G?9DV >0F97BD<O?O� 19?7V?9D8V 1B?:0G�0 10�OFF0?�0A (@OE0?O, KNN 
A9@9E9 Naïve Bayes), >9=1VD9G?9D E0A8O� @ÝA89D8V 9E9CF9=8V (@OE0?O, EO;O�FO� D97D9EE<O), 10E�0?0DO >¯D89?V >íCí?L9@8V 
@B89?P89D8V F¯EVA8VDG79 0DA0?�0A (@OE0?O, A9=DBA8O� :9?V?9D, L9LV@ 0�0LF0DO).

�µ? 8ÝDVEF9 1V; @0L<A0?O� B�OFG8O§ ¯L A97V;7V 0?7BD<F@VA F0?80=@O;. �µ? Ý8VEF9D >¯D89?V @B89?P89D8V§ (A9=DBA8O� :9?V?9D, SVM, 
>9;89=EB� BD@0A) F9BD<O?O� A97V;VA �µD0=8O :ÝA9 89D9>F9D �O?O@O 10�OFOA80�O 0?�0L�O �080@ D9FVA89 @0§O;8O.

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


�9DFF9?9FVA �?7BD<F@89D

K-64�O= :í@LV;5@
K-Nearest Neighbors, KNN

�§�4; �495A
Naïve Bayes

�4@4?49O< AO7O�BO� 
@57@5AA8O

Simple Linear Regression

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


K :4�OA >íDLV?9D

K-near neighbors 4?7BD<F@V 54�O?4A4FOA B�OFG(supervised learning) F¯DVA9 :4F48O :ÝA9 :V>F9G :ÝA9 D97D9EE<O @ÝE9?9?9DVA L9LG ¯LVA �B?84AO?48O.

�97V;7V <89OEO - :4§4 B5N9>FVAV§ >?4EO BAO§ 9§ :4�OA >íDLV?9DVAV§ >?4EO A97V;VA89 4AO�F4?48O.

�4F9@4F<>4?O� A97V;

KNN B5N9>FV?9D 4D4EOA84�O �4LO�FO�FO 9E9CF9=8V. �§ :<V �B?84AO?4FOA @9FD<>4-�6>?<8FV> �4LO�FO�:

d(x, y) =   (x 2 y  )
i=1

3
n

i i
2

�,� 4 B5N9>FV?9D8V§ 59?7V 69>FBD?4DO; � - 59?7V?9D8V§ E4AO.

�?7BD<F@ �484@84DO

�íDLV?9D E4AO � F4§84?48O.
�9DV?79A A¯>F9 @9A 54D?O� 89D9>F9D 4D4EOA84�O �4LO�FO� 9E9CF9?98V.
�§ :4�OA � >íDLV?9DV 4AO�F4?8O.
�íDLV?9D8V§ >íCLV?V7V �4= EOAOC�4 :4F48O-:4§4 AOE4A 5VD EOAOC�4 :4F48O.

Python @OE4?O

from sklearn.neighbors import KNeighborsClassifier

model = KNeighborsClassifier(n_neighbors=5)
model.fit(X_train, y_train)
y_pred = model.predict(X_test)
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�§�4? �4=5E �?4EE<H<>4F>DO

Naive Bayes-O�F<@4?8O��4 A97V;89?79A :V>F9G 4?7BD<F@V. �? 54=9E F9BD9@4EOA �B?84A4 BFODOC, B5N9>FVAV§ 59?7V?V 5VD >?4E�4 :4FG O�F<@4?8O�OA 9E9CF9=8V.

�4=5E H>D@G?4EO

P (C#X) =  

P (X)
P (X#C) ç P (C)

P(C|X) - E 59?7V?9DV 5B=OAL4 EOAOCFO§ O�F<@4?8O�O, P(X|C) - >?4EE 59?7V?V 5B?�4A >9;89 59?7V?9D8V§ O�F<@4?8O�O, P(C) 4 �?4EE O�F<@4?8O�O, P(X) - 54D?O� 59?7V?9D8V§ 
O�F<@4?8O�O.

�AO§ "4§�4?"89C 4F4?GOAO§ E9595V: 5µ? @B89?P ÝD5VD 59?7VAV§ FÝG9?EV; 9>9AVA 4§�4? F¯D89 (naively) �45O?84=8O. �OE4?O, "Q?9>FDBA8O� CBLF4 EC4@O A9@9E9 :B�" 8979A89, 
B? ÝD Eí;8V§ 54E�4 Eí;89D89A FÝG9?EV; 5B?G O�F<@4?8O�OA 9E9CF9=8V.

&¯D?5DV

Gaussian Naïve Bayes 4 ¯;8V>EV; (E4A8O�) 89D9>F9D79
Multinomial Naïve Bayes 4 @ÝFVA :ÝA9 E4A4G F<CVA897V 59?7V?9D79
Bernoulli Naïve Bayes 4 5<A4D?O 59?7V?9D79 (<Ý/:B�, 54D/:B�)

Python @OE4?O

from sklearn.naive_bayes import GaussianNB

model = GaussianNB()
model.fit(X_train, y_train)
y_pred = model.predict(X_test)

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


�4@4?49O< AO7O�BO� @97@9AA8O

%O;O�FO� D97D9EE<O - FÝG9?8V 4=AO@4?OAO �B?84A4FOA 5B?:4@8O F4?84G Ý8VEV (�) FÝG9?EV; 4=AO@4?O (�) 4D4EOA84�O EO;O�FO� �4FOA4EFO @B89?P89=8V.

�>89;P B9§89CV

 =ŷ w ç x+ b

y ^ 3 5B?:4@8O @ÝA,

� -E4?@4� (EO;O� �4FOA4EO, 7D48<9AF),

� - O�OEG (intercept).

�4�A4B-�4B9;V: DC=:F8OAO= 4749BC

L =   (y  2
n

1

i=1

3
n

i   )ŷi 2

�B89?P8V B�OFG CDBF9EVA89 7D48<9AFFV§ F¯EGV �B?84AO?48O.

Python <OA4;O

from sklearn.linear_model import LinearRegression

model = LinearRegression()
model.fit(X_train, y_train)
y_pred = model.predict(X_test)
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%4?OEFOD@4?O >5EF5EV

�?7>D8F@ &¯DV �97V77V 889O �DFO�LO?O�O �9@LV?V7V

KNN �?4EE<H<>4F<O, 
D97D9EE<O

�§ :4�OA 
>íDLV?9D8V§ >íCLV?V7V 
5B=OAL4 L9LV@

&¯EVAV>FV, 
�4D4C4=O@

®?>9A 89D9>F9D89 
54OG

Naïve Bayes �?4EE<H<>4F<O �4=9E O�F<@4?8O�O 
:ÝA9 FÝG9?EV;8V> 
5B?:4@O

�O?84@, 4; 
89D9>>9 F<V@8V

�9?7V?9D FÝG9?EV; 
5B?@4GO @¯@>VA

Linear Regression $97D9EE<O %O;O�FO� 54=?4AOE �4�FO F¯EVA8VDG &9> EO;O�FO� 
54=?4AOE�4 
:4D4=8O

�µ? ¯L 4?7BD<F@ �9D9>F9D �O?O@O E4?4EOA84�O 9§ A97V;7V, VD79?V Ý8VEF9D8V§ 5VDV 5B?OC F45O?48O. �?4D >¯D89?V @B89?P89D79 A97V; 
5B?4FOA A97V;7V µ�O@84D8O ¯=D9F98V (,9LV@ ��4LO, �9;89=EB� �D@4A, SVM, �9=DBA8O� �9?V?9D).

KNN
�íDLV?9D µ�E4EFO��4 E¯=9A98V

Naïve Bayes
/�F<@4?8O� ;4§OA4 A97V;89?79A

%O;O�FO� $97D9EE<O
%O;O�FO� �4FOA4EFO @B89?P89=8V

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


�4F9D<4?8O @9§79DG8V 54�O?4G EµD4�F4DO

�4L<A4?O� B�OFG 8979AV@V; A9 :ÝA9 BAO§ 8ÝEF¯D?V 54�84D?4@4?4G84A 4=OD@4LO?O�O A989?1.
KNN 4?7BD<F@VA89 "k" C4D4@9FDVA F4§84G A9?V>F9A @4§O;8O?2.
"�§�4? �4=9E" 4?7BD<F@V A9?V>F9A "4§�4?" 89C 4F4?48O? �µ? "4§�4?8O�" BAO§ 8Ý?8V7VA9 �4?4= ÝE9D 9F98V?3.
%O;O�FO� D97D9EE<OAO§ A97V;7V F9§89GVA F¯EVA8VDV§V;. Ë (E4?@4�) :ÝA9 b (O�OEG) A9AV 5V?8VD98V?4.
KNN, �§�4? �4=9E :ÝA9 %O;O�FO� D97D9EE<OAO§ �4=EOEO >?4EE<H<>4F<O�4, �4=EOEO D97D9EE<O�4 :4F48O?5.
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