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�ÝDVEFV§ �4�E4FO @9A �4L<A4?O� ��OFG84�O �DAO

�9§79DG @4�E4FO
,9LV@89D 4�4LOAO§ �µDO?O@O 
@9A :µ@OE �4�<84?4DOA, 
EBA84=-4� Random Forest :ÝA9 
Gradient Boosting E<O�FO 
4AE4@5?P8V> Ý8VEF9D8V§ @ÝAVA, 
4DFO�LO?O�F4DO @9A 
4=OD@4LO?O�F4DOA F¯EVAG.

��-84�O @4§O;O
�?4EE<H<>4F<O :ÝA9 D97D9EE<O 
@ÝE9?9?9DVA L9LG897V BEO 
Ý8VEF9D8V§ BDAO @9A 
@4§O;8O?O�OA 4AO�F4G.

�OE�4L4 LB?G
,9LV@89D 4�4LOAO§ 
�4D4C4=O@8O?O�O :ÝA9 
4AE4@5?P8V> Ý8VEF9D8V§ 8Ý?8V> 
C9A FµD4�FO?O�FO 4DFFODG84�O 
Dí?V.
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,9LV@89D ��4LOAO§ �97V;89DV

,9LV@89D 4�4LO 4 54�O?4G 89D9>F9DVA 59?7V?9D79 �4D4= L4DFF4D@9A 5í?G 4D�O?O L9LV@ �45O?84=FOA @B89?P.

1

´�O@O

�9D9>F9D :<A4�OA �4D4C4=O@ L9LV@ �45O?84G 
9D9:9?9DV 4D�O?O 5í?9FVA 4�4L FÝDV;8V �µDO?O@. 
ÜD5VD F¯=VA 5VD 59?7V79 A97V;89?79A EµD4�FO, 4? 
ÝD5VD F4D@4� EµD4�FO§ :4G45OA 5V?8VD98V.

2

�µDO?O@O

&¯5V@ F¯=V= (Root Node): ��4LFO§ 54EF4?G 
A¯>F9EV, 54D?O� 89D9>F9D8V �4@F<8O.

�L>V F¯=V=45@ (Internal Nodes) 6Ý=5 
F4@<4�F4@ (Branches): �9D9>F9D8V ÝDV �4D4= 
5í?9FVA L4DFF4D8O 5V?8VD98V.

�4?O@4� F¯=V=45@ (Leaf Nodes): %B§�O 
L9LV@8V A9@9E9 >?4EE<H<>4F<OAO >íDE9F9FVA 
F¯=VA89D.

3

�µ@OE �4�<84EO

��4L :B�4D�O F¯=VAA9A 54EF4C, 89D9>F9D8V ÝD5VD 
VL>V F¯=VA897V L4DFF4D�4 EÝ=>9E 5í?VC BFOD48O, 
EB§OA84 :4COD4� F¯=VA89DVA897V 4�OD�O 
EOAOCF4D�4 A9@9E9 @ÝA89D79 :9F>V;98V.
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&¯=VA8V �í?G �D<F9D<=?9DV: &4;4?O�FO �DFFODG
,9LV@89D 4�4LOA �µDG84�O 54EFO @4�E4F 4 ÝD5VD 5í?G89 89D9>F9D8V§ "F4;4?O�OA" @4>E<@4?8O F¯D89 4DFFODG. &4;4?O� - 5µ? 5VD F¯=VA897V 
89D9>F9D8V§ �4AL4?O�FO 5VDF9>FV 9>9AVA >íDE9F9FVA í?L9@.

�:<A< <A89>EV

�?4EE<D<>4F<O ¯LVA �B?44AO?44O. &BCF4�O >9;89=EB� F4§84?�4A 9>V 
M?9@9AFFV§ ÝDF¯D?V EOAOCF4D�4 :4FG O�F<@4?8O�OA í?L9=8V. �A89>E 
A9�µD?O@ 4; 5B?E4, F4;4?O� EB�µD?O@ :B�4DO 5B?48O.

Gini = 1 2  (p  )
i=1

3
C

i
2

�µA84 $p_i$ - $i$-LV EOAOCFO§ F¯=VA897V ¯?9EV, $C$ - EOAOCF4D E4AO.

-AFDBC<O :ÝA9 ��C4D4FFO� ìEV@

-AFDBC<O 3 89D9>F9D8V§ "FÝDFVCEV;8V>" A9@9E9 "59?7VEV;8V>" 8ÝD9:9EVA 
í?L9=8V. �B�4DO MAFDBC<O 8979AV@V; 3 89D9>F9D8V§ 5VDF9>FV 9@9E 
9>9A8V7V.

Entropy = 2 p  log  (p  )3 i 2 i

��C4D4FFO� íEV@ 3 5í?G AÝF<:9EVA897V MAFDBC<OAO§ Fí@9A89G 
@í?L9DV. �í?G 4D�O?O 4�C4D4FFO� íEV@ A9�µD?O@ :B�4DO 5B?E4, EB? 
5í?G EB�µD?O@ F<V@8V 5B?48O.
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&¯=VA8V �í?G �D<F9D<=?9DV: �§ :4�EO 5í?G8V F4§84G

��4LFO§ ÝD5VD F¯=VAVA89 89D9>F9D8V 5í?G ¯LVA 9§ :4�EO 59?7V @9A 5í?G A¯>F9EVA F4§84G �4:9F. �µ? F4§84G F4;4?O�FO 
54DOAL4 4DFFOD4FOA A9@9E9 MAFDBC<OAO 54DOAL4 Fí@9A89F9FVA >D<F9D<=79 A97V;89?98V.

�9D9>F9D8V :<A4�F4G
&¯=VA79 >9?VC F¯E9FVA 54D?O� 

89D9>F9D8V :<A4G.

�9?7V?9D8V F4?84G
ÜD5VD �B?:9FV@8V 59?7V 5B=OAL4 
@¯@>VA 5B?4FOA 54D?O� 5í?G 
A¯>F9?9DVA �4D4EFODG.

�D<F9D<=8V 9E9CF9G
ÜD5VD CBF9AF<4?8O 5í?G ¯LVA 
�:<A< <A89>EVA A9@9E9 
4�C4D4FFO� íEV@8V 9E9CF9G.

�§ :4�EO 5í?G8V F4§84G
�§ :B�4DO 4�C4D4FFO� íEV@79 

A9@9E9 9§ Fí@9A7V �:<A< 
<A89>EVA9 <9 5í?G8V F4§84G.
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,9LV@89D ��4LOAO§ �DFO�LO?O�F4DO @9A �9@LV?V>F9DV

�DFO�LO?O�F4DO

�=B5@?@5B4F8O;4C >§49: ��4L �µDO?O@O 6<;G4?8O F¯D89 F¯EVAV>FV 
:ÝA9 �4D4C4=O@. �84@84D ¯LVA L9LV@ �45O?84G CDBF9EVA 54�O?4G 
B§4=.

�;4O=-4;4 í§45C 47: �9D9>F9D8V ABD@4?4G A9@9E9 EF4A84DFF4G 
�4:9F 9@9E.

Ü@B¯@;V 45@5:B5@<5= 6µ<OA: %4A8O� :ÝA9 >4F97BD<O?O� 
89D9>F9D@9A :µ@OE VEF9= 4?48O.

�4ALB45B4C�4 Bí7V<4V: ®?>9A 89D9>F9D :<A4�F4DO@9A 89 F<V@8V 
:µ@OE VEF9=8V.

�9@LV?V>F9DV

�@BO� >�OBC (Overfitting): &9D9§ 4�4LF4D B�G 89D9>F9DVA897V LG8O 
A9@9E9 9D9>L9?V>F9D8V :4FF4C 4?OC, :4§4 89D9>F9D89 A4L4D 
:µ@OE VEF9GV @¯@>VA. �µ? @B89?P8V§ :4?CO?4G �45V?9FVA 
Fí@9A89F98V.

&µ@4�AO74O�: ��OFG 89D9>F9DVA897V >VLV7VDV@ í;79DVEF9D 4�4LFO§ 
�µDO?O@OA F¯5979=?V í;79DFVC :V59DGV @¯@>VA. �µ? @B89?P8V 
E9AV@EV; 9F98V.

�?B8<4;4O 4�4L B45C: �§ BCF<@4?8O 4�4L �µDO?O@OA F45G NP-
FB?O� @ÝE9?9 5B?OC F45O?48O.

�µ? >9@LV?V>F9D8V :BN ¯LVA >í5VA9E9 4AE4@5?L8V> Ý8VEF9D79 :¯7VA9@V;.
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�AE4@5?P8V> Ü8VEF9D8V§ �89OEO
�AE4@5?P8V> Ý8VEF9D 4 5VDA9L9 «Ý?EV;» @B89?P8V§ AÝF<:9?9DVA 5VDV>FVDVC, B84A 84 8Ý?VD9> ÝDV FµD4�FO 5B?:4@84D :4E4G�4 54�OFF4?�4A �G4FFO FÝEV?.

Ü?EV; �B89?P89D

�9>9-:9>9 4?�4A84 5B?:4@8O� �45V?9FV L9>F9G?V A9@9E9 8Ý? 9@9E @B89?P89D (@OE4?O, 5VD L9LV@ 4�4LO).

�ÝF<:9?9D8V 5VDV>FVDG

ÜD5VD @B89?P8V§ 5B?:4@OA 5VDV>FVDG 4D�O?O (84GOE 59DG, BDF4L4?4A8ODG) :4?CO AÝF<:9AV >¯L9=FG.

�Ý?VD9> :ÝA9 &µD4�FO �ÝF<:9

�AE4@5?P :9>9 @B89?P89D79 �4D4�4A84 4DFO� B�OFG�4 Fí;V@8VD9> :ÝA9 :4?CO?4G �45V?9FV :B�4DO @B89?P �µD48O.

�>V A97V;7V FBC:

�Q77<A7 (Bagging)

&ÝG9?EV; @B89?P89D8V C4D4??9?P B�OFG :ÝA9 B?4D8O§ AÝF<:9?9DVA 5VDV>FVDG. ÜD @B89?P 
89D9>F9D :<OAFO�OAO§ ÝDF¯D?V VL>V :<OAFO�OA84 B�OFO?48O (@OE4?O, Random 

Forest).

�GEF<A7 (Boosting)

�B89?P89D8V 5VDV;8V B�OFG, @µA84 ÝD5VD >9?9EV @B89?P 4?8O§�O @B89?P8V§ �4F9?V>F9DVA 
F¯;9FG79 54�OFF4?�4A (@OE4?O, Gradient Boosting).
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Random Forest (�9;89=EB� �D@4A) �?7BD<F@V

Random Forest 4 5Q77<A7 EFD4F97<OEOA4 A97V;89?79A 4AE4@5?P8V> Ý8VE, B? >íCF979A L9LV@89D 4�4LF4DOA4A FµD48O.

Bootstrap Sampling (�Q77<A7)

�4EF4C�O 89D9>F9D :<OAFO�OA4A �4=F4?4C 

VDV>F9G 4D�O?O 5VDA9L9 (N) VL>V :<OAFO�F4D 
(bootstrap samples) �µDO?48O. ÜD5VD VL>V 
:<OAFO� 54EF4C�O 89D9>F9D :<OAFO�O@9A 

5VD89= @í?L9D89 5B?48O, 5VD4� BAO§ 
�µD4@O ÝDF¯D?V 5B?GO @¯@>VA.

�D9>L9?V>F9D8V >9;89=EB� F4§84G

ÜD5VD L9LV@ 4�4LOA �µDG >9;VA89, ÝD5VD 

F¯=VA8V 5í?G ¯LVA �B?:9FV@8V 59?7V?9D8V§ 
>VLV7VDV@, >9;89=EB� VL>V :<OAFO�O �4A4 
�4D4EFODO?48O. �µ? 4�4LF4D8O§ 5VD-

5VDVA9A FÝG9?EV; 5B?GOA4 >í@9>F9E98V.

�B?:4@ :4E4G

�?4EE<H<>4F<O @ÝE9?9?9DV ¯LVA 54D?O� 

:9>9 4�4LF4D8O§ 5B?:4@84DO 5B=OAL4 
>íCLV?V> 84GOE �B?84AO?48O. $97D9EE<O 
@ÝE9?9?9DV ¯LVA 5B?:4@84D8O§ BDF4L4 @ÝAV 
4?OA48O.

�DFO�LO?O�F4DO:

�DFO� B�OFG�4 Fí;V@8V?V>, :B�4DO FµD4�FO?O�, í?L9@8V?V>>9 Fí;V@8V?V> (¯?>9A 59?7V?9D E4AO@9A :µ@OE VEF9= 4?48O).

Feature Importance:

Random Forest @B89?V @B89?P 5B?:4@OA4 ÝD5VD 9D9>L9?V>FV§ �BE�4A E4?O@OA 4AO�F4G�4 @¯@>VA8V> 59D98V, 5µ? @B89?P8V F¯EVAG79 

>í@9>F9E98V.
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Gradient Boosting (�D48<9AFFV �GEF<A7) �?7BD<F@V

Gradient Boosting 4 5GEF<A7 EFD4F97<OEOA4 A97V;89?79A, @B89?P89D8V 5VDV;8V B�OFG 4D�O?O �4F9?V>F9D8V Fí@9A89FG79 54�OFF4?�4A F<V@8V 4?7BD<F@.

�?�4L�O @B89?P

�?�4L�O Ý?EV; @B89?P@9A (>í5VA9E9 �4D4C4=O@ L9LV@ 4�4LO@9A) 54EF4G.

�4F9?V>F9D8V 9E9CF9G

�B89?P8V§ �4F9?V>F9DVA (�4?8O�F4DOA) 9E9CF9G, 5µ? 8µDOE 5B?:4A54�4A 89D9>F9D.

�4F9?9D8V 5B?:4G

�9?9EV @B89?P8V 4?8O§�OEOAO§ �4F9?V>F9DVA 5B?:4G�4 ¯=D9FG. �µ? �4F9?V>F9D8V 4;4=FG�4 54�OFF4?�4A.

�4F9?V>F9D8V Fí@9A89FG

�D48<9AFFV> F¯EG (Gradient Descent) CD<AF<CV 5B=OAL4 �4F9?V>F9D8V 5VDFVA89C 4;4=FG. 
�4§4 5B?:4@: $F_m(X) = F_{m-1}(X) + \eta \cdot h_m(X)$, @µA84 $h_m(X)$ 3 :4§4 
@B89?P, $\eta$ 3 B�OFG :O?84@8O�O.

�DFO�LO?O�F4DO:

�B�4DO 8Ý?8V>, �4F9?9D8V F<V@8V Fí@9A89FG @¯@>VA8V7V. �ÝE9>9?9EFV> @4L<A4?O� B�OFG FGDA<D?9DVA89 :<V :9§VE>9 :9F98V.

�9@LV?V>F9DV:

�DFO� B�OFG�4 E9;V@F4?8O�O :B�4DO (979D C4D4@9FD?9D 8µDOE D9FF9?@9E9), C4D4??9?P89A8VDG �<OA (5VDV;8V?V>>9 54=?4AOEFO).

�OE4? 4?7BD<F@89DV:

XGBoost, LightGBM, CatBoost E<O�FO 4?7BD<F@89D Gradient Boosting-FV§ B;O� <@C?9@9AF4F<O?4DO 5B?OC F45O?48O.
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�B?84AO?G %4?4?4DO :ÝA9 �BDOFOA8O

,9LV@89D 4�4LF4DO @9A 4AE4@5?P8V> Ý8VEF9D8V§ >9§ 4G�O@8O �B?84AO?GO B?4D8O§ Ý@5954CFO�O @9A F<V@8V?V7VA >íDE9F98V.

�4D:O

�9E<9 FÝG9>9?VA 54�4?4G (Random Forest/Gradient Boosting).

�9AE4G?O� E4�F4G

�GDG 8<47ABEF<>4EO (,9LV@89D 4�4LO).

�4D>9F<A7

�?<9AFF9D8V§ >9FGVA 5B?:4G (Random Forest).

E-commerce

%4FOC 4?G O�F<@4?8O�OA 5B?:4G (Gradient Boosting).

�BDOFOA8O

,5LV<45D 4�4LO: �97V;7V, <AF9DCD9F4F<O?4A4FOA @B89?P, �4D4C4=O@8O?O�O@9A :ÝA9 F¯EVAV>FV?V7V@9A 9D9>L9?9A98V.

Random Forest: &µD4�FO?O� C9A 4DFO� B�OFG84A �BD�4G ¯LVA F<V@8V, >íCF979A 4�4LF4D8O§ >B??9>F<6FV> 84A4?O�OA C4=84?4A48O.

Gradient Boosting: �§ :B�4DO 5B?:4@8O� 8Ý?8V> ¯LVA �B?84AO?48O, 5VD4� C4D4@9FD?9D8V @µ�<OF D9FF9G8V F4?4C 9F98V.

�4�O?4G EµD4�F4DO

,9LV@89D 4�4LOA84�O "4DFO� B�OFG" @ÝE9?9EVA �4?4= F¯EVA8VD9EV;?1.

�:<A< <A89>EV @9A 4�C4D4FFO� íEV@AV§ A97V;7V 4=OD@4LO?O�O A989?2.

Random Forest C9A Gradient Boosting 4?7BD<F@89DVAV§ A97V;7V 4=OD@4LO?O�F4DO @9A 4DFO�LO?O�F4DOA 4F4§O;.3.
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