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�ÝDVEFV§ @4�E4FO:

%FG89AFF9D79 A9=DBA8O� :9?V?9D8V§ �µDO?O@O, :µ@OE CD<AJ<CV :ÝA9 F9D9§ B�OFG8O§ (Deep Learning) A97V;7V 4?7BD<F@89DV @9A 

Ý8VEF9DVA F¯EVA8VDG.

�97V;7V EµD4�F4D:
�9=DBA8O� :9?V :ÝA9 C9DJ9CFDBA µ�O@O.

�>F<64J<O HGA>J<O?4DOAO§ F¯D?9DV :ÝA9 Dí?V.

�9=DBA8O� :9?VAV§ 4DI<F9>FGD4EO (Input3Hidden3Output �454FF4DO).

�?�4 :ÝA9 >9DV F4D4FG (Forward :ÝA9 Backpropagation) CDBJ9EF9DV.

�D48<9AFFV> F¯EG :ÝA9 B§F4=?4A8ODG Ý8VEF9DV.

�DFO� B�OFG84A �BD�4G FÝEV?89DV.
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�OE�4L4 @4;@µA (F9;<EF9D):

�9=DBA8O� :9?V (Neural Network) 3 í;4D4 54=?4AOE�4A A9=DBA84D84A FµD4FOA @B89?P, B? >VDVE 89D9>F9D89A ;4§8O?O�F4D8O ¯=D9AVC, 5B?:4@ A9@9E9 L9LV@ LO�4D48O.

�97V;7V BC9D4F<O?4D:

�VDVEF9D @9A E4?@4�F4?�4A �BEOA8O 9E9CF9?98V: z = w  x  +1 1 w  x  +2 2 ï + b

�ÝF<:9 4>F<64F<O HGA>F<OEO 4D�O?O íF98V: a = f(z)

�>F<64F<O HGA>F<O?4DO: Sigmoid 3 5<A4D?O� >?4EE<H<>4F<O; ReLU 3 :4EODOA �454FF4D84 :<V �B?84AO?48O; Softmax 3 >íCEOAOCFO >?4EE<H<>4F<O ¯LVA.

�µDO?O@O: �VDVE �454FO 3 54EF4C�O 59?7V?9D8V �45O?84=8O;

�4EODOA �454FF4D 3 89D9>F9D 4D4EOA84�O >¯D89?V 54=?4AOEF4D8O ¯=D9A98V;

,O�OE �454FO 3 EB§�O 5B?:4@8O LO�4D48O.

&9D9§ B�OFG (Deep Learning) 3 9>V :ÝA9 B84A 84 >íC :4EODOA �454FO 54D :9?V?9D (MLP, CNN, RNN, Transformer).

��OFG CDBF9EV:

�?�4 F4D4FG (Forward pass);

,O�OA HGA>F<OEOA 9E9CF9G (MSE, Cross-Entropy);

�9DV F4D4FG (Backpropagation);

%4?@4�F4D8O :4§4DFG (Gradient Descent).

�§F4=?4A8ODG Ý8VEF9DV: SGD, Adam, RMSprop.

�DFO� B�OFG84A �BD�4G: Dropout, L2-D97G?OD<;4F<O.
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�VDVEC9

�9=DBA8O� :9?V?9D (Neural Networks) 4 5µ? 484@ @<OAO§ 5<B?B7<O?O� A9=DBA84DOA4 µ�E4E, í;4D4 54=?4AOE�4A 9E9CF9GVL 
Q?9@9AFF9D8V§ (:4E4A8O A9=DBA84D8O§) :<OAFO�OA4A FµD4FOA @B89?P89D. �9?VAV§ A97V;7V HGA>F<OEO 4 >VDVE 89D9>F9D89A >¯D89?V 
¯?7V?9D8V ¯=D9AG 4D�O?O L9LV@ �45O?84G A9@9E9 5B?:4@ :4E4G.
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ÜD5VD :4E4A8O A9=DBA A9@9E9 
C9DF9CFDBA >9?9EV @4F9@4F<>4?O� 
BC9D4F<O?4D8O BDOA84=8O:

�VDVEF9D :ÝA9 %4?@4�F4?�4A �BEOA8O: �9=DBA 5VDA9L9 >VDVEF9D8V  

�45O?84=8O. ÜD5VD >VDVE A9=DBAAO§ 9E9CF9G79 �BE�4A ¯?9EVA >íDE9F9FVA 
EÝ=>9E E4?@4��4 ( ) >í59=FV?98V.

1. x  , x  , x  1 2 n

w  , w  , w  1 2 n

/�OEG8O§ �BEO?GO (Bias): %4?@4�F4?�4A >VDVEF9D8V§ �BEOA8OEOA4  O�OEG 

(bias) @ÝAV �BEO?48O. /�OEG A9=DBA�4 FVCFV >VDVEF9D Aí?79 F9§ 5B?E4 84, 
59?E9A8VDV?G79 @¯@>VA8V> 59D98V.

2. b

�µA84�O  4 A9=DBAAO§ F4;4 >VDVEV (net input).z

�>F<64F<O $GA>F<OEO (Activation Function): &4;4 >VDVE  @VA89FFV F¯D89 

4>F<64F<O HGA>F<OEOA4A ( ) íF98V. �µ? HGA>F<O A9=DBAAO§ EB§�O 

LO�OEOA  4AO�F4=8O :ÝA9 9§ @4§O;8OEO 3 :9?V79 EO;O�FO� 9@9E (non-

linear) �4E<9F 59D98V, 5µ? >¯D89?V, EO;O�FO� 9@9E @ÝE9?9?9D8V L9LG ¯LVA 
�4:9F.

1. z

f

a

a = f(z)
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�>B<64F<O $C=>F<OAO

$BD@G?4EO �B?84AO?GO

Sigmoid (%<7@B<8) ,O�OA �454BO=44 (�<=4@?O� 
>?4AA<D<>4F<O)

ReLU (Rectified Linear Unit) �4AO@O= �454BB4@44 (�§ 6<V 
�>?44=O?4BO=O)

Softmax (%BHF@4>E) ,O�OA �454BO=44 (�í? AO=O?BO 
>?4AA<D<>4F<O)

�5AB5 10.1 �>B<64F<O DC=>F<O?4@O
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�9=DBA8O� �9?VAV§ �DI<F9>FGD4EO

�9=DBA8O� :9?V?9D A9=DBA84D8O§ �454FF4EOC BDA4?4EGO@9A E<C4FF4?48O:

�VDVE �454FO (Input Layer): �B89?P79 54EF4C�O 89D9>F9D8V �45O?84=8O. �9=DBA84D E4AO 9D9>L9?V>F9D (H94FGD4?4D) E4AOA4 F9§.

�4EODOA �454FF4D (Hidden Layers): �VDVE C9A LO�OE 4D4EOA84 BDA4?4E48O. �µ? �454FF4D 89D9>F9D8V§ >¯D89?V í;4D4 54=?4AOEF4DOA :ÝA9 
<9D4DI<O?O� 9D9>L9?V>F9DVA ¯=D9A98V. �4EODOA �454FF4�O A9=DBA E4AO 4D�O?O :9?VAV§ "9AV" (width) 4AO�F4?48O.

,O�OE �454FO (Output Layer): �9?VAV§ EB§�O AÝF<:9EVA (5B?:4@8O) LO�4D48O. �9=DBA84D E4AO L9LV?9FVA @ÝE9?979 (>?4EE<H<>4J<O, 
D97D9EE<O) 54=?4AOEFO.

&9D9§ B�OFG (Deep Learning) 4 5µ? >9@ 8979A89 9>V A9@9E9 B84A 84 >íC :4EODOA �454FO 54D A9=DBA8O� :9?V?9D8V (MLP, CNN, RNN, 
Transformer) B�OFG8O 5V?8VD98V. �454FF4D8O§ >íCFV7V :9?V79 45EFD4>FV?V :ÝA9 >¯D89?V >BAJ9CJ<O?4D8O ¯=D9AG79 @¯@>VA8V> 59D98V.

%GD9F 10.1: �íC�454FFO �9DJ9CFDBA (MLP) 4DI<F9>FGD4EO

�µDO?O@84DO @9A B�OFG Ý8VEF9DV
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��OFG CDBF9EV: �?�4 :ÝA9 �9DV &4D4FG

:�9=DBA8O� :9?V?9D8V B�OFG (E4?@4�F4D8O B§F4=?4A8ODG) 9>V A97V;7V H4;484A FµD48O

�?�4 �4�OFF4G (Forward Propagation):1.

�VDVE 89D9>F9DV >VDVE �454FOA4A 54EF4C, 54D?O� :4EODOA �454FF4D 4D�O?O, 4>F<64F<O HGA>F<O?4DO@9A í§89?VC, LO�OE �454FOA84 EB§�O 5B?:4@8O� @ÝA  59D98V. ŷ

,O�OA $GA>F<OEOA �E9CF9G (Loss Calculation):1.

�B89?P8V§ 5B?:4@O  @9A 89D9>F97V A4�FO @ÝA  4D4EOA84�O 4=OD@4LO?O� (�4F9?V>) LO�OA HGA>F<OEO (Loss Function) 4D�O?O 9E9CF9?98V. ŷ y

�DF4L4 �648D4FFO� �4F9 (MSE) $97D9EE<O ¯LVA

�DBEE--AFDBC<O �?4EE<H<>4F<O ¯LVA:

�9DV &4D4FG (Backpropagation):1.

�µ? 4?7BD<F@ 9E9CF9?79A �4F9?V>FV LO�OE �454FOA4A 54EF4C, :9?VAV§ 54D?O� :4EODOA �454FF4DOA4 89=VA >9DV 54�OFF4 F4D4F48O. �97V;7V @4�E4F 4 ÝD5VD E4?@4��4 �4FOEFO LO�OA HGA>F<OEOAO§ 7D48<9AFVA 
9E9CF9G. �µ? 7D48<9AF E4?@4�FO§ LO�OA�4 �BE�4A ¯?9EVA 4AO�F4=8O.

%4?@4�F4D8O �4§4DFG (�§F4=?4A8ODG):1.

�D48<9AFFV> @Ý?V@9FF9D �D48<9AFFV> &¯EG (Gradient Descent) Ý8VEV 4D�O?O E4?@4�F4D8O :4§4DFG ¯LVA �B?84AO?48O. �µ? CDBF9EE LO�OA HGA>F<OEOAO§ 9§ Fí@9A7V A¯>F9EVA9 (7?B54?8O� @<A<@G@�4) :9FG79 
FODOE48O.

�µA84�O eta (��OFG �O?84@8O�O - Learning Rate) 4 E4?@4�F4D8O§ 5VD �484@84 �4AL4?O�FO :O?84@ :4§4D4FOAOA 4AO�F4=FOA @4§O;8O 7<C9DC4D4@9FD.
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�§F4=?4A8ODG :ÝA9 �DFO� ��OFG84A �BD�4G

�§F4=?4A8ODGLO?4D (Optimizers):

SGD (Stochastic Gradient Descent), Adam, RMSprop E<O�FO 
:9FV?8VDV?79A 4?7BD<F@89D 7D48<9AFFV> F¯EG8V§ :O?84@8O�O 
@9A F<V@8V?V7VA 4DFFOD48O.

&í@9A89FG (Regularization):

�9?VAV§ B�OFG 89D9>F9DVA897V LG8O :4FF4C 4?GOA (4DFO� 
B�OFG) 5B?8OD@4G ¯LVA L2-Fí@9A89FG A9@9E9 Dropout 
(>9=5VD A9=DBA84D8O G4�OFL4 íLVDG) Ý8VEF9DV 
�B?84AO?48O.

�4�O?4G EµD4�F4DO:
�9=DBA8O� :9?VAV§ A97V;7V M?9@9AFF9DV �4A84=?1.

�>F<64F<O HGA>F<O?4DO A9 ¯LVA �4:9F?2.

�?�4 :ÝA9 >9DV F4D4FG CDBF9EF9DV �4?4= :¯D98V?3.

�D48<9AFFV> F¯EG Ý8VEVAV§ @ÝAV A989?4.

�DFO� B�OFG84A �BD�4G FÝEV?89DVA 4F4§O;.5.
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