
�?4EE<H<>4F<O Ý8VEF9DV: :4?CO F¯EVAV>, 4?7BD<F@89D 
:ÝA9 @B89?P89D8V 54�4?4G

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



�ÝDVEFV§ @4�E4FO: %FG89AFF9D79 >?4EE<H<>4F<O µ�O@OA, BAO§ F¯D?9DVA :ÝA9 A97V;7V 4?7BD<F@89DVA 
F¯EVA8VDG; ?B7<EF<>4?O� D97D9EE<O, k-:4�OA >íDLV (k-NN), L9LV@ 4�4LO E<O�FO @B89?P89D8V§ :µ@OE 
CD<AF<CVA �4D4EFODG; >?4EE<H<>4F<O?O� @B89?P89D8V§ E4C4EOA 54�4?4G @9FD<>4?4DOA (Accuracy, 
Precision, Recall, F1-@9D4) �B?84AG8O ¯=D9FG.

�97V;7V EµD4�F4D:

1 �?4EE<H<>4F<O 8979AV@V; A9? �B?84AO?G E4?4?4DO.

2 �>V?V> :ÝA9 >íCEOAOCFO >?4EE<H<>4F<OAO§ 4=OD@4LO?O�O.

3 �B7<EF<>4?O� D97D9EE<OAO§ @ÝAV :ÝA9 E<7@B<8 HGA>F<OEO.

4 k-:4�OA >íDLV (k-NN) 4?7BD<F@VAV§ CD<AF<CF9DV, k C4D4@9FDVA F4§84G.

5 ,9LV@ 4�4LF4DOAO§ (Decision Trees) �µDO?O@O :ÝA9 9D9>L9?V>F9DV.

6 �4F9?V> @4FD<F4EO :ÝA9 A97V;7V 54�4?4G @9FD<>4?4DO (Accuracy, Precision, Recall, F1).
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�OE�4L4 @4;@µA (F9;<EF9D):

�?4EE<H<>4F<O 3 54�O?4A4FOA @4L<A4?O� B�OFG8O§ 
@VA89FV, @µA84 @B89?P B5N9>FVAV 59?7V?9DVA9 �4D4= 59?7V?V 5VD 
EOAOC�4 :4F�O;48O.

�>V?V> >?4EE<H<>4F<O84 9>V �4A4 EOAOC (0/1, <Ý/:B�), 
>íCEOAOCFO >?4EE<H<>4F<O84 9>V89A >íC EOAOC 5B?48O.

�B7<EF<>4?O� D97D9EE<O EO;O�FO� >B@5<A4F<OAO E<7@B<8 
HGA>F<OEO 4D�O?O [0,1] 4D4?O�OA84�O O�F<@4?8O��4 
F¯D?9A8VDVC, F454?8ODO� 5B=OAL4 L9LV@ �45O?84=8O.

k-NN 4?7BD<F@V :4§4 AOE4AAO§ EOAO5OA B�OFG 
:<OAOA84�O 9§ :4�OA k >íDLVEVAV§ «84GOE 59DGV» 4D�O?O 
4AO�F4=8O; k-AO 8µDOE F4§84@4G overfitting A9@9E9 
underfitting->9 Ý>9?98V.

,9LV@ 4�4LF4DO 89D9>F9D8V 59?7V?9D 5B=OAL4 EµD4�F4D 

�BN 4D�O?O 5VDFVA89C 5í?VC, :4COD4�F4D84 EOAOCFO� 
L9LV@ 59D98V; F¯EVA8VDGV :9§V?, 5VD4� F9D9§ 4�4LF4D84 4DFO� 
B�OFG �4GCV 54D.

 B89?P E4C4EO �4F9?V> @4FD<F4EO A97V;VA89 54�4?4A48O: 

Accuracy 3 :4?CO 8Ý?8V>, Precision 3 B§ 5B?:4@84D8O§ 
«F4;4?O�O», Recall 3 B§ EOAOCFO FB?O� �4@FGO, F1 3 Precision 
@9A Recall 4D4EOA84�O F9§79DV@8V >íDE9F98V.
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�VDVEC9

�?4EE<H<>4J<O (Classification) 4 5µ? 54�O?4G?4D8O 59?7V?V 5VD >4F97BD<O?4D�4 A9@9E9 EOAOCF4D�4 :4F�O;G ¯LVA �B?84AO?4FOA 
54�O?4A4FOA @4L<A4?O� B�OFG8O§ (Supervised Machine Learning) A97V;7V @VA89FV. �?4EE<H<>4J<O?4G @B89?V 89D9>F9D8V§ 

9D9>L9?V>F9DV (features) @9A B?4D8O§ EÝ=>9E EOAOCFO� :4CEOD@4?4DO (class labels) 4D4EOA84�O 54=?4AOEFO ¯=D9A98V.

�OE4?84D:

�5=E4G?O� E4�F4G: �4J<9AFFV§ @98<J<A4?O� EOA4� AÝF<:9?9DVA9 E¯=9A9 BFODOC, BAO§ 4GDG�4 L4?8O�G O�F<@4?8O?O�OA ("<Ý" 
A9@9E9 ":B�") 5B?:4G.

�4D6O: �9E<9 4?GLOAO BAO§ �4D:O?O� F4D<IOA4 E¯=9A9 BFODOC, "Fí?9@ �45V?9FFV" (FÝG9>9? Fí@9A) A9@9E9 "Fí?9@ �45V?9FEV;" 
(FÝG9>9? :B�4DO) 89C :V>F9G.

�4D>5F<=7: &µFOAGLOAO§ @VA9;-�µ?�OA4 54=?4AOEFO BAO§ 59?7V?V 5VD íAV@8V E4FOC 4?GO ("E4FOC 4?48O" A9@9E9 "E4FOC 4?@4=8O") 
FGD4?O 5B?:4@ :4E4G.

�?4EE<H<>4J<OAO§ A97V;7V @4�E4FO 4 B�OFG 89D9>F9DV A97V;VA89, :4§4, 5µDOA >íDV?@979A @Ý?V@9FF9D8V 4?8OA 4?4 84=OA84?�4A 
@B89?P A97V;VA89 8µDOE EOAOC�4 :4F�O;G ¯LVA :4?CO?4A�4A 9D9:9?9D8V �µDG.
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�?4EE<D<>4F<O?O� @B89?P89D LO�4DO?4FOA EOAOCF4D E4AOA4 
54=?4AOEFO 9>V79 5í?VA98V:

�>V?V> >?4EE<D<>4F<O (Binary 
Classification)
�>V �4A4 @¯@>VA EOAOC 54D (@OE4?O, 0 A9@9E9 1, �Ý A9@9E9 
�B�).

�íC EOAOCFO >?4EE<D<>4F<O (Multi-
class Classification)
�>V A9@9E9 B84A 84 >íC EOAOC 54D (@OE4?O, ">VLV", "BDF4L4", 
"¯?>9A").
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�B7<EF<>4?O� D97D9EE<O (Logistic Regression)

�B7<EF<>4?O� D97D9EE<O 4 EO;O�FO� D97D9EE<OAO§ >9§9=FV?79A F¯DV. �FOA4 �4D4@4EF4A, 5µ? 4 >?4EE<H<>4F<O 4?7BD<F@V. �? 9>V?V> >?4EE<H<>4F<O @ÝE9?9?9DVA L9LG79 4DA4?�4A :ÝA9 AÝF<:9AV 0 @9A 1 
4D4?O�OA84�O O�F<@4?8O� @ÝAV D9FVA89 µEOA48O.

�B7<EF<>4?O� $GA>F<O (%<7@B<8)

�B7<EF<>4?O� D97D9EE<OAO§ A97V;7V CD<AF<CV 89D9>F9D8V§ EO;O�FO� >B@5<A4F<OEOA z O�F<@4?8O��4 F¯D?9A8VD9FVA ?B7<EF<>4?O� (E<7@B<8FO) HGA>F<OAO �B?84AG 5B?OC F45O?48O. %<7@B<8 HGA>F<OEO 
>9; >9?79A A4�FO E4A8O �45O?84=8O :ÝA9 AÝF<:9AV [0, 1] 8<4C4;BAOA4 E4?48O , 5µ? BAO O�F<@4?8O� D9FVA89 <AF9DCD9F4F<O?4G�4 @¯@>VA8V> 59D98V.

�B7<EF<>4?O� D97D9EE<OAO§ HBD@G?4EO:

@µA84�O:

p(y=1 | X) 4 O�F<@4?8O�, O�A< :4§4 54�O?4G8O§ y = 1 EOAO5OA4 :4FG O�F<@4?8O?O�O.

X4 89D9>F9D8V§ 9D9>L9?V>F9DV (H4>FBD?4D) :<OAFO�O.

e 4 A4FGD4?8O ?B74D<H@AV§ A97V;V $(\approx 2.718)$.

z 4 EO;O�FO� >B@5<A4F<O (EO;O�FO� D97D9EE<OAO§ AÝF<:9EV):

@µA84�O beta_i 4 @B89?P8V§ E4?@4�F4DO (>BQHH<F<9AFF9DV).

,9LV@ �45O?84G

%<7@B<8 HGA>F<OEO 4D�O?O 4?OA�4A O�F<@4?8O� p L9LV@ �45O?84G ¯LVA �B?84AO?48O. �µ? ¯LVA 4DA4=O L9LV@ F454?8ODO�O (threshold) 59?7V?9A98V.

�79D p g 0.5$ 5B?E4, >?4EE y=189C 4AO�F4?48O.

�79D p < 0.5 5B?E4, >?4EE y=0 89C 4AO�F4?48O.
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�B7<EF<>4?O� D97D9EE<OAO§ �B?84AO?GO

�<=4@?O� >?4AA<D<>4F<O: �§ A97V;7V �B?84AO?G 4OEO. (%C4@8O 4AO�F4G, 4GDG8O 8<47ABEF<>4?4G).

�í? AO=O?BO >?4AA<D<>4F<O (Multinomial Logistic Regression): �>V EOAOCF4A >íC 5B?�4A :4�84=84 �B?84AO?48O. �µ? ¯LVA >í5VA9E9 "�VD79 
�4DEO �4?�4A84DO" (One-vs-Rest) EFD4F97<OEO A9@9E9 Softmax HGA>F<OEO �B?84AO?48O. Softmax 5VD @9;7V?89 54D?O� EOAOCF4D8O§ 
O�F<@4?8O�OA 9E9CF9=8V, B?4D8O§ �BEOA8OEO 1-79 F9§ 5B?48O.
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k-NN (k-:4�OA >íDLV - k-Nearest Neighbors)

k-NN 4 ?9A<6 (lazy) B�OFG�4 A97V;89?79A, �4D4C4=O@, 5VD4� íF9 F<V@8V >?4EE<H<>4F<O 4?7BD<F@V. �? C4D4@9FD<>4?O� 9@9E (non-parametric) @B89?P 5B?OC F45O?48O, O�A< 89D9>F9D8V§ F4D4?GO FGD4?O 
9L�4A84= 5B?:4@ :4E4@4=8O.

k-NN Ý8VEV :4§4 AOE4AAO§ >?4EEOA BAO§ B�OFG 89D9>F9D :<OAOA84�O 9§ :4�OA k >íDLVEVA9 �4D4C 5B?:4=8O.

�4LO�BO�BO 5A5?B5C: �4§4 54�O?4G x_new :ÝA9 B�OFG :<OAFO�OA84�O ÝD5VD A¯>F9 x_i 4D4EOA84�O �4LO�FO�FO 9E9CF9G. �§ :<V �B?84AO?4FOA �4LO�FO� í?L9@V 4 �6>?<8FV> �4LO�FO� (Euclidean 
Distance):

1.

�í@LV?5@4V B4§44C: �E9CF9?79A �4LO�FO�F4D A97V;VA89 9§ :4�OA k A¯>F9AV (>íDLVAV) 4AO�F4G.2.

�?4AA<D<>4F<O: &4§84?�4A k >íDLV?9D8V§ VLVA897V 9§ >íCLV?V7VAV§ EOAO5O :4§4 54�O?4G�4 F4�4=OA84?48O (84GOE 59DG CD<AF<CV).3.

k-NN 4?7BD<F@VAV§ HBD@G?4EO (�4GOE 59DG):

@µA84�O:

y_new 4 :4§4 54�O?4G8O§ 5B?:4A�4A EOAO5O.

mode4 9§ :<V >9;89E9FVA @ÝA (O�A<, >íCLV?V> 84GOE).

y_k1, y_kk 4 9§ :4�OA k >íDLV?9D8V§ EOAOCF4DO.

4.3.2. k @ÝAVA F4§84G

k C4D4@9FDVA 8µDOE F4§84G @B89?P8V§ F<V@8V?V7V ¯LVA íF9 @4§O;8O:

�VLV k (@OA4?O, k=1): �B89?P íF9 >¯D89?V 5B?48O :ÝA9 LG�4 E9;V@F4?, AÝF<:9EVA89 4DFO� B�OFG (overfitting) �4GCV :B�4DO.

®?>5A k: �B89?P íF9 F97VE 5B?48O :ÝA9 �4D4C4=O@ �4F9?V>F9D79 Ý>9?GV @¯@>VA (underfitting), E9595V 4?OE A¯>F9?9D 89 9E>9DV?98V.

Ü89FF9, k @ÝAVA B§F4=?4A8ODG ¯LVA >DBEE-64?<84F<O �B?84AO?48O.
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,9LV@ 4�4LO (Decision Trees)

,9LV@89D 4�4LO 4 @Ý?V@9FF9D8V ÝDF¯D?V 59?7V?9D (H4>FBD?4D) 5B=OAL4 5í?L9>F9G 4D�O?O >?4EE<H<>4F<O :4E4G Ý8VEV. �µ? �µDO?O@8O� 4?7BD<F@, 484@AO§ L9LV@ �45O?84G ?B7<>4EOA4 µ�E4E.

�µDO?O@O :ÝA9 �D<AF<CV

,9LV@89D 4�4LOAO§ �µDO?O@O:

&¯5V@ B¯=VA (Root Node): �4EF4C�O 89D9>F9D :<OAFO�OA >íDE9F98V.

�L>V B¯=VA45@ (Internal Nodes): �9?7V?V 5VD �4E<9FF9D 5B=OAL4 89D9>F9D8V 5í?G L4DFOA (EµD4�) �4@F<8O.

�4?O@4� B¯=VA45@ (Leaf Nodes): �9D9>F9D8V§ EB§�O EOAOCF4DOA >íDE9F98V.

��4LFO �µDG �?7BD<F@V (CART)

,9LV@89D 4�4LOA �µDG8O§ 9§ >9§ F4D4?�4A 4?7BD<F@V 4 CART (Classification and Regression Trees). �AO§ A97V;7V @4�E4FO 4 ÝD5VD F¯=VA89 89D9>F9D8V F4;4 EOAOCF4D�4 (5VD EOAOC 54EO@ 5B?4FOA) 5í?9FVA 9§ 
:4�EO 9D9>L9?V>FV F45G.

&¯?>V L4@B: �?8O@9A, 54D?O� 89D9>F9D8V 5VD F¯5VD79 :<A4=8O.

�§ 64�AO 5í?C: ÜD5VD VL>V F¯=VA89 89D9>F9D8V 9§ :4�EO 5í?9FVA 59?7VAV F4§84=8O. �µ? F4§84G ¯LVA Ý89FF9 �:<A< <A89>EV (Gini Index) A9@9E9 ��C4D4FFO� íEV@ (Information Gain/Entropy) E<O�FO í?L9@89D 
�B?84AO?48O.

�6<A< <A45>AV: &BCF4�O EOAOCF4D8O§ 4D4?4EG 8ÝD9:9EVA í?L9=8V. �§ >VLV �:<A< <A89>EV 54D 5í?G 9§ :4�EO 5B?OC E4A4?48O.

�4=B4?4C: ÜD5VD 5í?G89A >9=VA 89D9>F9D FBCF4DO >VLV7VDV@ FBCF4D�4 5í?VA98V, 5µ? CDBF9EE FB�F4G >D<F9D<=VA9 (@OE4?O, F¯=VA897V 89D9>F9D E4AO FO@ 4; 5B?E4 A9@9E9 FBC FB?O�O@9A F4;4 5B?E4) :9F>9AL9 
�4=F4?4A48O.

4.2 >9EF9 ,9LV@ 4�4LO

�@BO�LO?O�B4@ �5@LV?V>B5@

�AF9DCD9F4F<OEO :9§V?: ��4LFO§ �µDO?O@O 484@�4 F¯EVAV>FV. Overfitting �4GCV: ��4LFO§ F9D9§8V7V FO@ >íC 5B?E4, B�OFG 89D9>F9DVA9 íF9 :4�EO 59=V@89?VC, :4§4 
89D9>F9D89 A4L4D :µ@OE VEF9=8V.

�4ELF45FO?O�: ®?>9A 89D9>F9D :<OA84DO@9A :µ@OE VEF9= 4?48O. &µD4�EO;8O� (Instability): ��OFG 89D9>F9DVA897V >VLV7VDV@ í;79DVEF9D 4�4LFO§ �µDO?O@OA F¯5979=?V 
í;79DFVC :V59DGV @¯@>VA.

�VDA9L9 EOAOCFO >?4EE<H<>4F<O?4G: &45<�4FOA4A >íC EOAOCFO @ÝE9?9?9D8V L9LG79 �45V?9FFV. �§F4=?O 4�4LFO F45G: �E9CF9G FµD�OEOA4A íF9 >¯D89?V.

4.2 >9EF9 ,9LV@ 4�4LO �DFO�LO?O�F4DO @9A �9@LV?V>F9DV
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�?4EE<H<>4F<O84�O �4F9?9D8V 54�4?4G (Model Evaluation)

�?4EE<H<>4F<O?O� @B89?P89D8V§ F<V@8V?V7VA 54�4?4G ¯LVA ÝDF¯D?V @9FD<>4?4D �B?84AO?48O. �µ? @9FD<>4?4D �4F9?V> �4FD<F4EO (Confusion Matrix) A97V;VA89 9E9CF9?98V.

�4F9?V> �4FD<F4EOAO§ -?9@9AFF9DV:

TP (True Positive): �B89?P y=1 89C 5B?:48O, LOA @ÝAVA89 89 y=1. (�µDOE B§)

TN (True Negative): �B89?P y=0 89C 5B?:48O, LOA @ÝAVA89 89 y=0. (�µDOE F9DVE)

FP (False Positive): �B89?P y=1 89C 5B?:48O, LOA @ÝAVA89 y=0. (Type I �4F9 - �4?�4A B§)

FN (False Negative): �B89?P y=0 89C 5B?:48O, LOA @ÝAVA89 y=1. (Type II �4F9 - �4?�4A F9DVE)

�Ý?8V> (Accuracy)

�Ý?8V> 4 @B89?P8V§ 54D?O� 5B?:4@84DOAO§ VLVA897V �4AL4EOAO§ 8µDOE 5B?�4AOA >íDE9F9FVA 9§ �4D4C4=O@ :ÝA9 :<V �B?84AO?4FOA @9FD<>4.

�4�FO?O� (Precision)

�4�FO?O� (A9@9E9 �Ý?8V>) 4 @B89?P B§ 89C 5B?:4�4A84D8O§ VLVA897V LOA @ÝAVA89 �4AL4EOAO§ B§ 5B?�4AOA >íDE9F98V. �4?�4A B§ (FP) E4AOA 4;4=FG @4§O;8O 5B?�4A84 
�B?84AO?48O (@OE4?O, EC4@ 9@9E CBLF4AO EC4@ 89C 59?7V?9G �4GCVA 4;4=FG).
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&B?O�FO� (Recall/Sensitivity)

&B?O�FO� (A9@9E9 %9;V@F4?8O�) 4 54D?O� LOA B§ EOAOCF4D8O§ VLVA89 @B89?P8V§ �4AL4EOA 8µDOE 4AO�F4�4AOA >íDE9F98V. �4?�4A F9DVE (FN) E4AOA 4;4=FG @4§O;8O 
5B?�4A84 �B?84AO?48O (@OE4?O, 4GDG8O 4AO�F4G84 4GDG 484@8O E4G 89C :V59D@9G).

F-@9D4 (F-Measure A9@9E9 F1-Score)

F-@9D4 4 �4�FO?O� (Precision) C9A �4@FG8O§ (Recall) 4D4EOA84�O F9§79DV@8V >íDE9F9FVA 74D@BA<>4?O� BDF4. �79D EOAOCF4D F9§ 9@9E 
(Imbalanced Classes) 5B?E4, 5µ? @9FD<>4 íF9 C4=84?O.
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�BDOFOA8O

�?4EE<H<>4F<O Ý8VEF9DV 89D9>F9D8V F4?84G :ÝA9 @B89?P89G89 @4§O;8O BDOA 4?48O. �B7<EF<>4?O� D97D9EE<O, k-NN :ÝA9 L9LV@89D 
4�4LO E<O�FO A97V;7V 4?7BD<F@89D8V§ ÝD�4=EOEOAO§ í;VA8V> 4DFO�LO?O�F4DO @9A >9@LV?V>F9DV 54D, :ÝA9 B?4D8O F4§84G 
89D9>F9D8V§ F¯DVA9, >í?9@VA9 :ÝA9 CDB5?9@4AO§ E<C4FOA4 54=?4AOEFO 5B?48O.

%BAO@9A �4F4D, @B89?P89D8V§ 8Ý?8V7VA 54�4?4G ¯LVA �B?84AO?4FOA �Ý?8V>, �4�FO?O�, &B?O�FO� :ÝA9 F-@9D4 E<O�FO @9FD<>4?4D 
�O?O@< :ÝA9 CD4>F<>4?O� :µ@OEF4D84 8µDOE :ÝA9 A97V;89?79A L9LV@89D �45O?84G�4 @¯@>VA8V> 59D98V, ÝEVD9E9 EOAOCF4D F9§ 9@9E 
:4�84=84.

�4�O?4G EµD4�F4DO:

�?4EE<H<>4F<O @VA89FVAV§ D97D9EE<O84A A97V;7V 4=OD@4LO?O�O A989?

�>V?V> :ÝA9 >íCEOAOCFO >?4EE<H<>4F<O�4 :9>9-:9>9 @OE4? >9?FVDV§V;.

�B7<EF<>4?O� D97D9EE<O �4A84= :4�84=84 �B?4=?O, BAO§ A97V;7V <89OEO A989?

k-NN 4?7BD<F@VA89 k C4D4@9FDVA FO@ >VLV A9@9E9 FO@ ¯?>9A F4§84G �4A84= @ÝE9?9?9D79 Ý>9?98V?

,9LV@ 4�4LOAO§ 4DFO�LO?O�F4DO @9A >9@LV?V>F9DVA 4F4§O;.

Accuracy, Precision, Recall :ÝA9 F1-@9D4 �4= :4�84=?4D84 @4§O;8O, �OE�4L4 F¯EVA8VDV§V;.
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´AO=O;4BO= Ý89589BB9@:

Han, J., Kamber, M., & Pei, J. Data Mining: Concepts and Techniques. Morgan Kaufmann, 2022.
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