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�V@VA?5
�4;VD7V ;4@4A84 4�C4D4F >í?9@VAV§ ¯;8V>EV; 4DFGO, F<HD?4A8ODG CDBF9EF9DVAV§ :989?89GV, 4�O?8O :¯=9?9D8V§ 84@GO 4 
89D9>F9D79 A97V;89?79A L9LV@ �45O?84G8O§ @4§O;OA 4=DO�L4 4DFFOD8O. Data Science :ÝA9 Machine Learning E4?4?4DOA84 
84@O�4A @B89?P89D @9A 4?7BD<F@89D >¯A89?V>FV í@VDV@V;79 9AVC, 5<;A9E, @98<F<A4, �4D:O, íA8VDVE, 5V?V@ 59DG :ÝA9 
@9@?9>9FFV> 54E�4DG E4?4?4DOA84 >9§ �B?84AOE F45G84.

�4L<A4?O� B�OFG Ý8VEF9DV VLVA89 L5LV< 4�4LF4DO (Decision Trees) 9D9>L9 BDOA 4?48O. %9595V B?4D �O?O@< FµD�O84A 84, 
CD4>F<>4?O� �B?84AOEF4 84 �4D4C4=O@, F¯EVAV>FV :ÝA9 �B?84AG�4 :9§V?. �µ? @B89?P 484@ ?B7<>4EOA4 µ�E4E F¯D89 «EµD4�3
:4G4C» CD<AF<CV@9A :µ@OE VEF9=8V, EBA8O�F4A B? <AFG<F<6FV F¯D89 F¯EVAV>FV ÝDV AÝF<:9?9D8V F¯EVA8VDG B§4=.

,9LV@ 4�4LF4DO >?4EE<H<>4F<O @9A D97D9EE<O @VA89FF9DVA L9LG89 F<V@8V, B?4D 89D9>F9D8V§ F¯DVA9 �4FFO FÝG9?8V 9@9E, 
E4A8O� F4, >4F97BD<O?O� F4 4�C4D4FC9A :µ@OE VEF9= 4?48O. %BAO@9A �4F4D Feature scaling (ABD@4?<;4F<O, EF4A84DFF4G) �4:9F 
9@9E, 5µ? @B89?P8V �B?84AG8O B84A ÝDV :9§V?89F98V.

�¯7VA89 L9LV@ 4�4LF4DO F9> í; 59FVAL9 �4A4 9@9E, EBA84=-4� Random Forest, Gradient Boosting, XGBoost, CatBoost E<O�FO �G4FFO 
4AE4@5?P8V> 4?7BD<F@89D8V§ A97V;V 5B?OC F45O?48O. �µ? Ý8VEF9D Ý?9@897V 9§ F<V@8V @4L<A4?O� B�OFG @B89?P89DV �4F4DOA4 
>VD98V.

�EO 8ÝDVEF9 L9LV@ 4�4LF4DOAO§ A97V;7V CD<AF<CF9DV, 4�C4D4FFO� í?L9@89D (QAFDBC<O, Gini <A89>EV), @B89?P8V >9EG (pruning), 
4DFO�LO?O�F4DO @9A >9@LV?V>F9DV, :ÝA9 A4�FO í@VD897V �B?84AO?G @OE4?84DO �4D4EFODO?48O. �µ? F4�ODOCFO <79DG 
EFG89AF>9 5B?4L4� >¯D89?V 4?7BD<F@89D8V B§4= @9§79DG79 A97V; 5B?48O.



&5>D<O?O� 
5í?V@



1. ,5LV< 4�4LO=4 F¯EV=V>
,9LV@ 4�4LO 4 89D9>F9D8V 5í?G 4D�O?O L9LV@ �45O?84=FOA 
�µDO?O@.

&¯5V@ F¯=V=
root node

�L>V F¯=V=45@
decision nodes

�4?O@4�F4@
leaf nodes 4 AÝF<:9

ÜD5VD 5í?V7V:

&¯5V@ F¯=V= (root node)

�L>V F¯=V=45@ (decision nodes)

�4?O@4�F4@ (leaf nodes) 4 AÝF<:9
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Classification Tree �?4AA<D<>4F<O %O=O? (0/1/...)

Regression Tree $57@5AA<O �4�BO A4=
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5B?E4, MAFDBC<O Fí@9A.

Information Gain
�í?VAG89A >9=VA MAFDBC<OAO§ �4AL4 4;4=�4AOA >íDE9F98V. 
�B�4DO @ÝA 4 :4�EO 5í?VAG.

Gini <=45>AV
�9;89=EB� F4§84?�4A M?9@9AFFV§ �4F9 >?4EE<H<>4F<O?4AG 
O�F<@4?8O�OA í?L9=8V.
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1. Overfitting 4 54ABO 
?@>5?5@4
,5LV<V: Pruning (>5EG)

Pre-pruning
depth, leaves, min samples

Post-pruning
cost complexity pruning

Pre-pruning: ��4L íEG >9;VA89 L9>F9G?9D �BN (F9D9§8V>, 
:4COD4�F4D E4AO, @<A<@4?8O ¯?7V?9D)

Post-pruning: &B?O� 4�4L �µD�4AA4A >9=VA 4DFO� F4D@4�F4D8O 
>9EG



1. Ensemble Ý4VEF5DV
Random Forest
�íCF979A L9LV@ 4�4LF4DOA 
5VDV>FVDVC, 84GOE 59DG 4D�O?O 
AÝF<:9 LO�4D48O

Gradient Boosting
�4F9?9D8V F¯;9FG 4D�O?O >9;9>C9A 
4�4LF4D �µD48O

XGBoost, LightGBM, 
CatBoost
�CF<@<;4F<O?4A�4A, :O?84@ :ÝA9 
�G4FFO boosting 4?7BD<F@89DV

�µ? Ý8VEF9D L9LV@ 4�4LF4DOAO§ >¯LVA 4DFFODOC, overfitting @ÝE9?9EVA 4;4=F48O :ÝA9 :B�4DO 
8Ý?8V>>9 �B? :9F>V;98V.



Python (Scikit-learn) @OE4?O
from sklearn.tree import DecisionTreeClassifier
from sklearn.model_selection import train_test_split
from sklearn.metrics import accuracy_score

# �5D5>F5D4V 5í?G
X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.2)

# �>45?L4V �µDG
model = DecisionTreeClassifier(max_depth=5, min_samples_split=10)
model.fit(X_train, y_train)

# �>?64@ 64E4G
y_pred = model.predict(X_test)

# �Ý?4V>FV 54�4?4G
accuracy = accuracy_score(y_test, y_pred)
print(f"Accuracy: {accuracy}")
  

max_depth: ��4LFO§ @4>E<@4?8O F9D9§8V7V

min_samples_split: �í?G ¯LVA �4:9FFV @<A<@4?8O ¯?7V?9D E4AO



�>DOFO=4O
,9LV@ 4�4LF4DO 4 @4L<A4?O� B�OFG84�O 9§ @4§O;8O :ÝA9 >9§VA9A �B?84AO?4FOA Ý8VEF9D8V§ 5VDV. �?4D �4D4C4=O@8O?O�O@9A, AÝF<:9?9D8V 
F¯EVA8VDG @¯@>VA8V7V@9A :ÝA9 ÝDF¯D?V F<CF97V @Ý?V@9FF9D@9A F<V@8V :µ@OE VEF9GV@9A 9D9>L9?9A98V. �4D4C4=O@ ?B7<>4?O� �µDO?O@ 4D�O?O >¯D89?V 
CDBF9EF9D8V§ L9LV@89DVA F45G�4 @¯@>VA8V> 59D98V.

%BAO@9A �4F4D L9LV@ 4�4LF4DO 3 �4;VD7V ;4@4A�O >íCF979A >¯LFV 4AE4@5?P8V> Ý8VEF9D8V§ A97V;V. Random Forest :ÝA9 Gradient Boosting 4?7BD<F@89DVAV§ 
:B�4DO AÝF<:9?V 5B?GO 4 L9LV@ 4�4LF4DOAO§ F<V@8V?V7V @9A Ý@5954CFO�OA 8Ý?9?89=8V.

,9LV@ 4�4LF4DOAO§ 54EFO CDB5?9@4EO 4 overfitting, O�A< @B89?P8V§ FO@ >¯D89?9AVC, ¯=D9AG 89D9>F9DVA9 L4@484A FOE 59=V@89?GV. �979A@9A, pruning 
Ý8VEF9DV, C4D4@9FD?9D8V 8µDOE 54CF4G :ÝA9 4AE4@5?P8V> �BEO@L4?4D 4D�O?O 5µ? @ÝE9?9 F<V@8V L9LV?98V.

�>DOF4 4=F�4=44, L5LV< 4�4LF4DO:

�AF9DCD9F4F<OEO 4AO�,

�E9CF9G FµD�OEOA4A F<V@8V,

ÜDF¯D?V E4?4?4D84 �B?84AO?4FOA,

�4;4?O�, ÝDV VD79?V ML 4?7BD<F@V 5B?OC E4A4?48O.

�EO @B89?P8V :4�EO @9§79DG 4 Q>BAB@<>4?O� F4?84G, �4D:O?O� @B89?P89G, 5<B@98<F<A4, íA8VDVEFV> 46FB@4FF4A8ODG, �4GVCEV;8V> :¯=9?9DV :ÝA9 
<AF9??9>FG4?8O 54E�4DG :¯=9?9DV E<O�FO E4?4?4D84 A4�FO F4CEOD@4?4D8O L9LG79 @¯@>VA8V> 59D98V.

,9LV@ 4�4LF4DOA FB?O� F¯EVAG 4 5B?4L4�F4 >¯D89?V @4L<A4?O� B�OFG :ÝA9 :4E4A8O <AF9??9>F 4?7BD<F@89DVA 
@9§79DG8V§ E9AV@8V �484@O.
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Hastie, Tibshirani, Friedman 4 The Elements of Statistical Learning1.

James et al. 4 An Introduction to Statistical Learning2.

Aurélien Géron 4 Hands-On Machine Learning with Scikit-Learn & TensorFlow3.

Scikit-Learn Documentation 4 https://scikit-learn.org4.

Tom Mitchell 4 Machine Learning, McGraw-Hill5.

�E>5DFG: �µ? Ý895<9FF9D @4L<A4?O� B�OFG E4?4EOA84�O 
>?4EE<>4?O� :ÝA9 �4;VD7V ;4@4A�O 9§59>F9D 5B?OC F45O?48O. 
�?4D L9LV@ 4�4LF4DO @9A 54E�4 ML 4?7BD<F@89DVA F9D9§VD9> 
;9DFF9G79 @¯@>VA8V> 59D98V.

https://scikit-learn.org/

