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�4L<=4?O� >�OFG

XXI �4EOD84�O A97V;7V F4�ODOCF4D8O§ 5VDV 4 :4E4A8O <AF9??9>F (AI) :ÝA9 89D9>F9D �O?O@O. �EO E4?4?4D8O§ 9?9G?V 
A97V;VA89 @4L<A4 ¯=D9AG :4FOD.

�4L<=4?O� >�OFG (ML): 5µ? :4E4A8O <AF9??9>FV§ 5í?L9>-8<EJ<C?<A4EO, B? @B89?P89D8V 46FB@4FFO F¯D89 ¯=D9AG79 
:ÝA9 @Ý?V@9FF9D89A 5B?:4@ :4E4G�4 54�OFF4?�4A. �µ? :¯=9?9D8V A4�FO 54�84D?4@4?4@4=, FÝ:VD<5989A 
(@Ý?V@9FF9D89A) ¯=D9AG79 :ÝA9 :4§4 :4�84=?4D84 :4�EO BDOA84G�4 @¯@>VA8V> 59D98V.

Data Science �O?O@OA84 @4L<A4?O� B�OFG - 89D9>F9D �O?O@O F¯DVA89 @Ý?V@9FF9D8V F4?84G, 5B?:4@ :4E4G, 
>?4EE<H<>4J<O :ÝA9 L9LV@ �45O?84G BC9D4J<OEOA 54E�4DG8O§ @4F9@4F<>4?O� :4�O. �AO§ @4�E4FO - @Ý?V@9FF9D 
VLVA897V >í@9E>V �µDO?O@84D8O 4AO�F4C, B?4D8O 9E9CF9G @B89?P89DV@9A E<C4FF4G.

�4L<A4 ¯=D9AG 4 5µ? 89D9>F9D89A 46FB@4FFO F¯D89 ¯=D9AG79, L9LV@ �45O?84G�4 :ÝA9 íAV@8V?V>FV :4�E4DFG�4 
@¯@>VA8V> 59D9FVA 4?7BD<F@89D @9A EF4F<EF<>4 CÝAV.

�OE4?O: "EC4@" A9@9E9 "EC4@ 9@9E" 89C 9-@9=?8V 5í?G79 L9LV@ �45O?84=FOA 4?7BD<F@ 4?�4LOA84 484@ F4§54?4�4A 
89D9>F9D@9A ¯=D9FV?98V, 5VD4� 4�ODOA84 :4§4 I454D?4@4?4D8O í;V F4§54?4=8O.

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


�4L8=4 ¯9D9=G8V§ =97V77V F¯D?9DV

 4L<A4 ¯=D9AG >íCF979A 54�OFF4D�4 5í?VA98V :ÝA9 B?4D8O§ ÝD�4=EOEOAO§ í;VA8V> 9D9>L9?V>F9DV 54D.

1) �484�4?4=4FO= >�OFG
�µ? FÝEV?89 >VDVE :ÝA9 LO�OE 
@ÝA89DV 5VD89= 5B?48O.  4�E4F 4 
B?4D8O§ 4D4EOA84�O 
54=?4AOEF4D8O ¯=D9AG :ÝA9 :4§4 
>VDVE @ÝA89DV ¯LVA 8Ý? 5B?:4@84D 
:4E4G.

 OE4?84D:

%O;O�FO D97D9EE<O 4 54�4AO 
5B?:4G;
�B7<EF<>4?O� D97D9EE<O 4 <Ý/
:B� L9LV@89DV;
,9LV@ 4�4LO, >9;89=EB� BD@4A 
4 :V>F9G :ÝA9 D97D9EE<O.

2) �484�4?4GEO7 >�OFG
�µ? :9D89 >VDVEV@V; ¯=D9AE9> F9, A9 
VEF9G >9D9>FV7VA 5V?@9=@V;. 
�9D9>F9D 4D4EOA84 í;8V7VA9A 
FBCF4D A9@9E9 ¯?7V?9D8V 
4AO�F4=8O.

 OE4?84D:

K-Means >?4EF9D?9G (5VD89= 
B5N9>FV?9D 5VD FBCF4);
PCA (A97V;7V >B@CBA9AFF9D8V 
F4?84G) - í?L9@89D8V �OE�4DFG;
T-SNE 4 >íCí?L9@8V> 
6<;G4?<;4F<O.

3) �¯L9=FV?79= >�OFG
�µ? :9D89 479AF �BDL4�4A 
BDF4@9A í;4D4 ÝD9>9FF9E98V :ÝA9 
B? 8µDOE ÝD9>9FVA9 �4D4= EO=4�O 
4?48O. �? G4�OF íF9 >9?9 í; 
EFD4F97<OEOA :9FV?8VD98V.

 OE4?: $B5BF�4 :¯DG8V ¯=D9AG 
A9@9E9 AlphaGo B=OAO.

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


�4L<=4?O� >�OFG FÝEV?45DV=5 L>?G

&ÝEV? �47@µAO �OE4?

�484�4?4A4FOA B�OFG (Supervised 
Learning)

�?7BD<F@89D79 (X) >VDVE 
>íDE9F>VLF9DV :ÝA9 EB? >VDVEFV§ 
8µDOE F¯EVA8VDV?GV (Y) 59DV?98V.

%O;O�FO D97D9EE<O, ?B7<EF<>4?O� 
D97D9EE<O, ,9LV@ 4�4LO.

�484�4?4GEO; B�OFG �?4EF9D?9D/¯?7V?9D 4LO?48O, 
LO�4DG >4DF4EO :B�.

K-Means, PCA, �9D4DE<O?O� 
>?4EF9D?9G

�¯L9=FV?79A B�OFG (Reinforcement 
Learning)

�79AF �BDL4�4A BDF4AO 54�O?4C, 
"µFOEF4D�4" A97V;89?79A 8µDOE 
EFD4F97<OAO ¯=D9A98V.

Q-B�OFG, &9§V; ¯;9, AlphaGo

�BEO@L4 :4DFO?4= �484�4?4A4FOA :ÝA9 í;VA-í;V �484�4?4A4FOA ¯=D9AG8V 4=FE4� 5B?48O.

�µ? FÝEV?89D F4§54?4A�4A :ÝA9 F4§54?4A54�4A 89D9>F9D8V 5VD79 C4=84?4A48O, 5µ? >¯D89?V 89D9>F9D89 :<V �B? :9FV@8V, 
@OE4?O, EGD9FF9D, @ÝFVA, Eí=?9G :ÝA9 F.5.
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%Ý9:9EFV: �4F9;9DV, 8Ý;8V: :íDE9F:VLF9DV

�B89?P �µDO?�4A EB§, BAO§ �O;@9FVAV§ E4C4EO �4AL4?O�FO 9>9A8V7VA 4AO�F4G >9D9>, E9595V F9> :4�EO 84=OA84?�4A @B89?P �4A4 E9AV@8V L9LV@89D �45O?84G ¯LVA 
�B?84AO?GO @¯@>VA.

%4C4 A97V;VA9A @B89?P8V§ 5B?:4@84DOAO§ A4�FO AÝF<:9?9D@9A �4AL4?O�FO EÝ=>9E >9?9FVA8V7V@9A 4AO�F4?48O. �VD4� ML-89 9>V @4§O;8O @ÝE9?9 54D:

�DFO� ¯=D5=G(Overfitting) 4 @B89?P ¯=D9FV?79A 89D9>F9D79 FO@ 59=V@89?VC, :4§4 89D9>F9D µEOAO?�4A >9;89 �4F9?V>F9D :4E4=8O.
�5F>V?V>EV7 ¯=D5=G(Underfitting) 3 @B89?P :4?CO ;4§8O?O�F4D8O ¯=D9AG79 FO@ �4D4C4=O@.

%BA8O�F4A E4C4AO í?L9G E4FOEO �O?O@< @B89?P89D8V :4�EO84A A4L4D�4 4:OD4FG8O§ @4§O;8O H4;4EO 5B?OC F45O?48O.

�97V77V <9FD8:4;4D

�5FD<>4 �4�E4FO &¯EV=V>F5<5

Accuracy �4?CO 8Ý?8V> �µDOE 5B?:4@84D8O§ :4?CO ¯?9EV

Precision �µDOE F45O?�4A CB;<F<6F9D8V§ ¯?9EV FP 4; 5B?�4AO :4�EO

Recall �4D?O� A4�FO CB;<F<6F9D8V§ �4AL4EO F45O?8O FN 4; 5B?�4AO :4�EO

F1-score �Ý?8V>(Precision) C9A &B?O�FO�O(Recall) 4D4EOA84�O 
F9§79DV@

�4D@BA<O?O� BDF4L4

ROC-AUC �?4EE<H<>4FBD8O§ 5í?7VL �4E<9FV 1-79 :4�OA 5B?�4AO :4�EO

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


�4F5?5D4V§ F¯D?5DV

,O�OA HGA>F<O?4DO @B89?P8V§ E4C4EOA E4A8O� E<C4FF4G�4 �B?84AO?48O.

�OE4?O, D97D9EE<O84:

L =   (y  2
n

1

i=1

3
n

i   )ŷi 2

�AO BDF4L4 >648D4F �4F9 (MSE) 89C 4F4=8O.

�?4EE<H<>4F<O84 4 Log Loss, 4? A9=DBA8O� :9?V?9D89 4 Cross-Entropy Loss :<V �B?84AO?48O.

�DBEE-64?<44F<O(Cross-Validation)

�µ? Ý8VE 89D9>F9D8V 5VDA9L9 E97@9AFF9D79 5í?VC, ÝD F¯D?V >B@5<A4F<O?4D@9A @B89?P8V F9EFV?9G8V @¯@>VA 9F98V. �OE4?O, 5-�E9 �DBEE-�4?<84F<O 
�B?84AO?�4A84, 89D9>F9D 5 5í?V>>9 5í?VAVC, ÝD 5í?V>>9 @B89?P8V ¯=D9FVC, F9EFV?9@V;.

Overfitting 6ÝA5 Underfitting @OE4?44DO

�OE4?O, 979D ¯= 54�4EOA 5B?:4=FOA @B89?P íF9 >¯D89?V 5B?E4 - B? F9> 84=OA84?�4A @Ý?V@9FF9D79 EÝ=>9E AÝF<:9 59D98V(overfit).

�79D FO@ �4D4C4=O@ 5B?E4 - A97V;7V @B89?P8V F¯EVA59EF9A 54D?O� ¯=?9D8V§ BDF4L4 54�4EOA �BO8O(underfit).

�µ? @ÝE9?9AV L9LG ¯LVA:

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


�µ? @ÝE9?9AV L9LG ¯LVA:
1. $97G?OD<;4F<O (L1 :ÝA9 L2 D97G?OD<;4F<OEO)

$97G?OD<;4J<O - 5µ? @B89?P8V§ >¯D89?V?V7VA 4;4=FG ¯LVA �B?84AO?4FOA F9IA<>4, B? >BQHH<J<9AFF9D8V L9>F9G 4D�O?O 4DFO� D9FF9?VC >9FGVA 5B?8OD@4=8O.

L2 D97G?OD<;4F<OEO ($<8: D97D9EE<OEO)

�?4D E4?@4�F4D8O§ HGA>J<OEO D9FVA89 :4;4?4A48O:

L = Loss + »  w  

j=1

3
p

j
2

�µA84 » - D9FF9G >BQHH<J<9AFV. �µ? FÝEV? ¯?>9A E4?@4� @ÝA89DVA :4;4?4C, @B89?P8V FµD4�FO 9F98V.

L1 D97G?OD<;4F<OEO (�4EEB D97D9EE<OEO)

%4?@4� L4@4?4DOA4 �4D4= 4=OCCµ? �BEO?48O:

L = Loss + »  #w  #
j=1

3
p

j

�µ? F9IA<>4 C4D4@9FD?9D8V§ >9=5VD9GVA Aí?79 4=A4?8OD48O, O�A< B? feature selection Dí?VA 4F�4D48O.

1. Early Stopping (�DF9 FB�F4FG)

�DF9 FB�F4FG - B�OFG 54DOEOA84 validation loss íEE9, CDBJ9EFV 9DF9 FB�F4FG Ý8VEV. �µ? @B89?P8V§ 4DFO� D9FF9?VC >9FC9GVA :ÝA9 F<V@8V?V7VA �4@F4@4EO; 9FG ¯LVA BDOA84?48O.

2. Dropout (A9=DBA8O� :9?V?9D ¯LVA)

Dropout - :4FFO�G >9;VA89 A9=DBA84D8O O�F<@4? F¯D89 íLVDVC, @B89?P8V§ :4?CO?4GOA 4DFFOD4FOA F9IA<>4.

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


�9?7V?9D8V 4?G

Feature Engineering 4 5µ? @4L<A4?O� B�OFG84�O 9§ @4§O;8O :ÝA9 LO�4D@4LO?O� >9;9§89D8V§ 5VDV. �? @B89?P79 EV;8V§ 89D9>F9D 
:<A4�O§O;8O F¯EVAG79 (:ÝA9 B84A ¯=D9AG79) 9§ :4�EO @¯@>VA8V> 59D9FVA :4§4 HGA>F<O?4D8O :4E4G, F¯D?9A8VDG :ÝA9 F4§84G8O 
�4@F<8O.

�4L<A4 B�OFG8O§ :4�EO @B89?P89DV >í5VA9E9 89D9>F9D E4C4EOA4A 7íDV HGA>F<O?4D8O§ E4C4EOA4 FÝG9?8V. %BA8O�F4A: 
HGA>F<O?4D8O <A:9A9D?9G(�9?7V?9D8V 4?G) «4�C4D4FFO C4=84?4AG íA9DV» 89C 4F4?48O.

$GA>F<O?4D8O <A:9A9D?9G8V§ 54EFO @4�E4FO - 89D9>F9D89A F<V@8V, 4�C4D4FFO� :ÝA9 5B?:4G HGA>F<O?4DOA 4?G.

$GA>F<OAO <A:9A9D?9G 5VDA9L9 �484@A4A FµD48O:

01

$GA>F<O?4D8O F¯EVAG

HGA>F<O?4D8O§ �4A84= 9>9AVA :ÝA9 
B?4D8O§ >íDVAVEVA 5V?G

02

$GA>F<O?4D8O F4;4?4G

>íLVDG?9D8V LO�4DG, :9FVEC9GLV?V> @ÝA89D 
:ÝA9 �4F9?V>F9D

03

$GA>F<O?4D8O F¯D?9A8VDG

>B8F4G, L>4?4?4G :ÝA9 ABD@4?4G

04

$GA>F<O?4D8O :4E4G
:4§4 �BEO@L4 HGA>F<O(?4D) LO�4DG A9@9E9 9E9CF9G

05

$GA>F<O?4D8O F4§84G/�OE�4DFG
9§ @4§O;8O HGA>F<O?4D8O F4§84C A9@9E9 �OE�4DFG
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$GA>F<O?4D4O <A65A5D?5G �444@44DO
1. $G=>F8O?4D4O F¯EV=G

�VDVALV >9;9§89, 5V; ÝD5VD 54�4A4 A9@9E9 4=AO@4?OAO§ @ÝA89DVA, F¯D?9DVA :ÝA9 EF4F<EF<>4?O� �4E<9FF9DVA F9>E9D9@V;:

89D9> F¯DV (E4A8O�, @ÝFVA, E4A4FFO�);
8<4C4;BA (@<A<@G@-@4>E<@G@);
F4D4?G E<C4FF4@4?4DO (ABD@4?8O A9@9E9 :B�);
54E�4 HGA>F<O?4D@9A >BDD9?OF<O.

�OE4?:

df.info()
df.describe()
df.corr()

2. $G=>F8O?4D4O F474?4G

�íCF979A 89D9>F9D :<OAFO�F4DO «LG?O» 5B?OC F45O?48O, í=F>9AV B?4D84 �4F9?9D C9A >9@LV?V>F9D 54D. �µ? :4�84=84:

Nan @ÝA89DV @98<4A4?O�/BDF4L4 @ÝAV@9A 4GOEFODO?48O;
�4=F4?4A54?O :4;54?4D 4?OAOC F4EF4?48O;
E4A4FFO� �4F9?9D F¯;9FV?98V.

�OE4?:

df['age'].fillna(df['age'].median(), inplace=True)
df.drop_duplicates(inplace=True)

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


3. $G=>F<O?4D4O F¯D?5=4VDG

�µ? >9;9§89 HGA>F<O?4D E4A8O� F¯D89 F¯EVAV?9FVA CVLVA79 4=A4?�4A.

�>4F4G

&9>EFFV> HGA>F<O?4D8O E4A8O� F¯D79 4=A4?8ODG.

�OE4?:

from sklearn.preprocessing import LabelEncoder

encoder = LabelEncoder()

df['gender_encoded'] = encoder.fit_transform(df['gender'])

,>4?4?4G

$GA>F<O?4D @ÝA89DVA :4?CO 5VD L>4?4�4 �<OEFODG. �OE4?O, 979D ":4E" 0-100 4D4?O�OA84 5B?E4 :ÝA9 "4=?O�" 0-100000 4D4?O�OA84 5B?E4, @B89?P 4?8O@9A "4=?O�FO" 
�4D4EFOD48O. %BA8O�F4A L>4?4?4G �B?84AO?48O.

z = (x-¿)/Ã.

�>D@4?4G

[0,1] <AF9D64?�4 �4=F4 >4?<5DB6>4?4G:

x' = (x - x_min)/(x_max - x_min)

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


4. $G=>F<O?4D4O 64E4G

(GA>F<O?4D8O :4E4G @4§O;8O �484@ 5B?OC F45O?48O, í=F>9AV B? @B89?P8V§ 4�O?8O?O� �45V?9FVA 4DFFOD48O. �4E�4 
:4�84=?4D84, :4§4 9A7V;G?9D 89D9>F9D 4D4EOA84�O :4EODOA 54=?4AOEF4D8O 4LG�4 >í@9>F9E98V.

�OE4?84D:

'4�OF @ÝAVA9 A97V;89?79A :4§4 @ÝA89D:

df['month'] = pd.to_datetime(df['date']).dt.month

�4FOA4EF4D8O 9E9CF9G: BMI (�9A9 @4EE4EOAO§ <A89>EV): BMI ?  height2
weight

�AF9D4>F<6FV HGA>F<O?4D:

df['income_per_person'] = df['income'] / df['family_size']

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


5. $G=>F<O?4D4O F4§44G

�B89?P 54D?O� O�C4? 9FGLV H4>FBD?4D�4 5VD89= E9;V@F4? 9@9E. %BA8O�F4A, B?4D8O 4�O?8O F4§84G8O§ @4§O;O ;BD.

Ü8VEF9D:

�BDD9?OF<O�4 A97V;89?79A H<?PFD?9G - FÝG9?8V HGA>F<O?4D8O :BO8O.
�9D96B A97V;VA897V @4§O;8O?O� - �4GVCFV?V>>9 A9@9E9 XGBoost >í@97V@9A HGA>F<OAO§ @4§O;8O?O�OA 9E9CF9=8V.
L1 $97G?OD<;4F<O (Lasso) - 4=AO@4?O?4D�4 �4FOEFO E4?@4�F4D8O 0-79 :GO� �4?8ODOC 4; @4§O;8O HGA>F<O?4D8O 
:BO8O.
��OFGLO HGA>F<O?4D8O Q?<@<A4F<O?4G (RFE) - 9§ 54=OAL4 4:OD4FG�4 �45V?9FFV HGA>F<O?4D8O F4§84=8O.

�OE4?:

from sklearn.feature_selection import SelectKBest, f_classif

selected = SelectKBest(score_func=f_classif, k=5)

X_new = selected.fit_transform(X, y)

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


6. ì?L5@4V?V>FV �OE�4DFG

�µ? HGA>F<O?4D8O F4§84G�4 54=?4AOEFO F¯EVAG79, F¯EVAV>FV :ÝA9 F<V@8V 5B?G ¯LVA >í@9>F9E9 4?48O. �µ? @B89?P8V 54OG 
BDOA84C, L4@484A FOE 4GOF�G�4 Ý>9?GV @¯@>VA. %BA8O�F4A, PCA (�4EFO >B@CBA9AFF9D8V F4?84G) E<O�FO Ý8VEF9D 
�B?84AO?48O.

from sklearn.decomposition import PCA

pca = PCA(n_components=2)

X_reduced = pca.fit_transform(X)

PCA HGA>F<O >BDD9?<OF<OEOA4 A97V;89?VC, B?4D8O 89D9>>í;89D89A FÝG9?EV; BEPF9D79 D97D9E>9 4?48O. �EO?4=L4, 
4�C4D4FF4D8O§ >í5VEV Ý?V 89 E4�F4?48O, :ÝA9 4; �4A4 í?L9@8V?V> :B�4?FO?48O.

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