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�ÝDVEFV§ <4�E4FO

�4E4A8O A9=DBA8O� :9?V?9D8V§ (ANN) A9 9>9AVA, B?4D8O§ 484@ @<OAO§ �µDO?O@OA4A �4?4= L45OF 4?�4AOA :ÝA9 
F9D9§ B�OFG8O§ A97V;V 9>9AVA F¯EVA8VDG89A 54EF4?48O. %B84A >9=VA, A9=DBA8O� :9?VAV§ A97V;7V �µDO?OE 5?B7O 3 $DMA> 
$B;9A5?4FFO§ 5VD �454FFO C9DJ9CFDBAO, BAO§ �µDO?O@O :ÝA9 ¯=D9AG 9D9:9EV F4?84A48O. �ÝDVE 5VD �454FFO 
C9DJ9CFDBAAO§ L9>F9G?V?V7VA (XOR @ÝE9?9EV) :ÝA9 BAO§ >íC �454FFO C9DJ9CFDBAAO§ (MLP) C4=84 5B?GOA4 �4?4= 
Ý>9?79AVA >íDE9F98V.

��4A �BE4, >íC �454FFO C9DJ9CFDBAAO§ (MLP) 4DI<F9>FGD4EO :ÝA9 ;4@4A4G< 4>F<6F9A8VDG HGA>J<O?4DO ;9DFF9?98V. 
%B§OA84, MLP-8V ¯=D9FG8V§ A97V;7V @9I4A<;@V 3 �4F9AV >9DV F4D4FG (Backpropagation) 4?7BD<F@V, BAO§ 7D48<9AFFV> F¯EG79 
:ÝA9 LO�OA HGA>J<OEOA4 �4?4= E¯=9A9FVAV F¯EVA8VDV?98V.
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�57V77V EµD4�F4D 6Ý=5 �OE�4L4 <47<µ=

1 �4E4A8O A9=DBA8O� :9?V?9D 8979AV@V; A9 :ÝA9 B?4D 484@ @<OA4 �4?4= 9?V>F9=8V?

2 �VD �454FFO C9DJ9CFDBA 8979AV@V; A9 :ÝA9 B? �4?4= ¯=D9A98V?

3 "XOR @ÝE9?9EV" 8979AV@V; A9 :ÝA9 B? A9=DBA8O� :9?V?9D8V§ 84@GOA4 �4?4= ÝE9D 9FFV?

4 �íC �454FFO C9DJ9CFDBAAO§ (MLP) 4DI<F9>FGD4EOA E<C4FF4§O;

5 �4F9AV >9DV F4D4FG (Backpropagation) 4?7BD<F@V A9 ¯LVA �4:9F?

6 �9?V>F9A MLP-89 $B;9A5?4FFO§ "54EC4?84� HGA>J<OEO" 9@9E, ReLU A9@9E9 Sigmoid E<O�FO HGA>J<O?4D 
�B?84AO?48O?

�9=DBA8O� :9?V?9D (���) - 5µ? 484@ @<OAO§ �µDO?O@OA4 9?V>F9G79 FODOE4FOA 9E9CF9G @B89?V. �? >VDVE 89D9>F9D897V 
>¯D89?V ;4§8O?O�F4D8O F4AG�4 �45V?9FFV @4F9@4F<>4?O� HGA>J<O?4D :<OAFO�O. �?4D8O§ 54EFO >¯LV 3 @OE4?84D 4D�O?O 
í;8V7VA9A ¯=D9AG �45V?9FV.
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�9=DBA8O� :9?V?9D 8979AV@V; A9?

%B§�O BA:O?8O�F4 ":4E4A8O <AF9??9>F" F9D@<AVA :<V 9EF<FVA 5B?8O�. ì;8V7VA9A :¯D9FVA >í?V>F9D, 84GOEFO� 
>í@9>LV?9D (Siri, Alexa), @98<J<A4?O� 8<47AB; �BN :¯=9?9DV :ÝA9 4G84D@4 �O;@9FF9DV 3 BEOAO§ 54D?O�OAO§ A97V;VA89 
F9D9§ B�OFG (Deep Learning) :4FOD. �? F9D9§ B�OFG8O§ í;97V 3 5µ? :4E4A8O A9=DBA8O� :9?V?9D (Artificial Neural Networks, 
ANN).

�4E4A8O A9=DBA8O� :9?V?9D 3 5µ? 484@ @<OAO§ �µDO?O@OA4 9?V>F9G79 FODOE4FOA 9E9CF9G @B89?V. �84@ @<O 
@<??<4D8F4�4A í;4D4 54=?4AOE�4A A9=DBA84D84A FµD48O. �µ? A9=DBA84D M?9>FD?V> :ÝA9 I<@<O?O� E<7A4?84D 
4D�O?O 4�C4D4FFO �45O?84=8O, í§89=8V :ÝA9 F4D4F48O. �Ý? BEO 5<B?B7<O?O� L45OF :4E4A8O A9=DBA8O� :9?V?9D8V§ 
A97V;VA �4?48O.

�VD4� ��� 3 5µ? @<8O§ FB?O� >íLVD@9EV 9@9E. �µ? 3 >VDVE 89D9>F9D897V >¯D89?V ;4§8O?O�F4D8O F4AG�4 �45V?9FFV, 
@4F9@4F<>4?O� HGA>J<O?4D @9A 4?7BD<F@89D8V§ :<OAFO�O. �?4D8O§ 54EFO >¯LV 3 ¯=D9AG �45V?9FV. �V; B?4D�4 "@OA4G 3 
@OEO�FO§ EGD9FV, 4? @OA4G 3 <FFV§ EGD9FV" 89C @O§84�4A @OE4?84D8O >íDE9F9@V;, 4? :9?V BEO @OE4?84D 4D�O?O @OEO� 
C9A <FFV 4:OD4F4FOA 59?7V?9D8V í;8V7VA9A F4GOC 4?G8O ¯=D9A98V.

�¯7VA7V 8ÝDVEF9 5V; BEO "�4D4 :ÝLV>FV§" VLVA9 ¯§V?VC, BAO§ 9§ �4D4C4=O@ �µDO?OE @4F9D<4?O 3 C9DJ9CFDBAA4A 54EF4C, 
BAO§ �4?4= ¯=D9A9FVAVA 3 �4F9AV >9DV F4D4FG Ý8VEVA9 89=VA �4D4EFOD4@O;.
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�9@F9?B@>=84@: �9=@>=8O� :9?V=V§ �µ@O?OA 5?>7O

�9=DBA8O� :9?V?9D8V ;9DFF9G8V BAO§ 9§ �4D4C4=O@ F¯DV 3 C9DJ9CFDBAA4A 54EF4�4A :íA. 1957 :O?O $DQA>  B;9A5?4FF µEOA�4A C9DJ9CFDBA 3 5µ? 5VD �4A4 
:4E4A8O A9=DBAA4A FµD4FOA @B89?P. �? 59?7V?V 5VD >VDVEF9D8V �45O?84C, B?4D8O "F4D4;O?4C", 5VD �4A4 L9LV@ (<Ý/:B�, 1/0) LO�4D48O.

�V@ �454BBO ?9@F9?B@>= (Single-Layer Perceptron)

�9DJ9CFDBAAO§ �µDO?O@O íF9 �4D4C4=O@:

�VDVEF9D (Inputs, x): �µ? 5V;8V§ 89D9>F9DV@V; (@OE4?O, EGD9FFV§ C<>E9?P89DV A9@9E9 EFG89AFFV§ 9@F<I4A 54�4?4DO). �V;89 n >VDVE 5B?GO @¯@>VA: x¡, x¢, &, x¹1.
!4?@4�F4D (Weights, Ë): ÜD5VD >VDVEFV§ (x�) í;VAV§ E4?@4�O (Ë�) 5B?48O. !4?@4� 3 5µ? EB? >VDVEFV§ EB§�O L9LV@79 �4AL4?O�FO @4§O;8O 9>9AVA >íDE9F9FVA E4A. 
�79D E4?@4� :B�4DO 5B?E4, 5µ? >VDVE @4§O;8O; 979D Fí@9A 5B?E4, @4§O;8O 9@9E. ®=D9AG CDBJ9EV 3 BEO E4?@4�F4D8O 8µDOE D9FF9G.

2.

�BEOA8O?4G HGA>J<OEO (Summation Function): �9=DBA 54D?O� >VDVEF9D8V B?4D8O§ EÝ=>9E E4?@4�F4DOA4 >í59=FVC, �BEOA8OEOA F4548O. �µ�4A �BE4, O�OEG (bias, 
b) 89C 4F4?4FOA �BEO@L4 C4D4@9FD �BEO?48O. /�OEG A9=DBAAO§ "59?E9A8VDV?G79" �4AL4?O�FO 59=V@ 9>9AVA D9FF9=8V.

3.

�4F9@4F<>4?O� F¯D89: z = (x¡ � Ë¡) + (x¢ � Ë¢) + ... + (x� � Ë�) + b

�9@9E9 69>FBD?O� F¯D89: z = Ë � x + b

�>F<6F9A8VDG HGA>J<OEO (Activation Function, f(z)): �BEOA8O z 9E9CF9?79AA9A >9=VA, B? 4>F<6F9A8VDG HGA>J<OEOA4A íF98V.  B;9A5?4FF C9DJ9CFDBAOA84 5µ? 
�4D4C4=O@ 54EC4?84� HGA>J<OEO (step function) 5B?8O:

1.

�79D z 59?7V?V 5VD L9> (threshold, ») @ÝAVA9A ¯?>9A 5B?E4, A9=DBA "BOA48O" (LO�OE = 1).

�79D z L9>F9A 4; A9@9E9 F9§ 5B?E4, A9=DBA "µ=O�F4=8O" (LO�OE = 0).

y = f(z) = { 1 979D z > »; 0 979D z f » }
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®=D5=G 5D565EV (Perceptron Learning Rule)

�9DF9CFDBA �0?0= ¯=D9A98V? �? �080�0?0A0FOA B�OFG (supervised learning) 0D�O?O ¯=D9A98V. /�A<, 1V; B�0A >VDVE (x) 19DVC �0A0 �B=@0=, "8µDOE :0G0CFO" 
(t, target) 80 19D9@V;.

01

�9?V79 >VDVE 19DV?98V
�? í; 1B?:0@OA (y) LO�0D08O.

02

�B?:0@ E0?OEFODO?08O
�B?:0@ (y) 8µDOE :0G0CC9A (t) E0?OEFODO?08O.

03

�0F9 9E9CF9?98V
�0F9 (error): e = t 2 y

04

%0?@0�F0D :0§0DFO?08O
�79D �0F9 1B?E0 (1 A9@9E9 -1), :9?V E0?@0�F0D8O (Ë) :ÝA9 O�OEG8O (b) 
:0§0DF08O.

%0?@0�FO :0§0DFG HBD@G?0EO:

Ë�(:0§0) = Ë�(9E>V) + · � (t 2 y) � x�

b(:0§0) = b(9E>V) + · � (t 2 y)

�µA80�O · 3 B�OFG :O?80@8O�O (learning rate), 1V;V§ "�080@O@O;8O§" í?L9@V.

�79D t = 1, y = 0 1B?E0 (�0F9 = 1): %0?@0�F0D x�-79 CDBCBDF<BA0?8O F¯D89 0DF08O.
�79D t = 0, y = 1 1B?E0 (�0F9 = -1): %0?@0�F0D x�-79 CDBCBDF<BA0?8O F¯D89 0;0O8O.
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�5DF5CFDBAAO§ L5>F5G?5DV: XOR @ÝE5?5EV

�9DF9CFDBA AND (�Ü��), OR (����%�) E<O�FO �0D0C0=O@ ?B7<>0?O� BC9D0F<O?0D8O B§0= ¯=D9A9 0?08O. %9191V 1µ? 89D9>F9D 
EO;O�FO� 1í?VA9FVA (linearly separable) 1B?OC F01O?08O. /�A<, "1" >?0EOA "0" >?0EOA0A F¯;G EO;O�C9A 1í?VC 0?G�0 1B?08O.

�VD0� C9DF9CFDBA XOR (�D9>L9 ����%�) BC9D0F<OEOA ¯=D9A9 0?@08O.

x¡ x¢ XOR

0 0 0

0 1 1

1 0 1

1 1 0

�79D XOR AÝF<:9?9DVA 7D0H<>>9 E0?E0�, (0,1) :ÝA9 (1,0) A¯>F9?9DVA (0,0) :ÝA9 (1,1) A¯>F9?9DVA9A 1VD �0A0 F¯;G EO;O�C9A 1í?G @¯@>VA 9@9E 
9>9AVA >íD9@V;.

�µ? "XOR @ÝE9?9EV" 1960 :O?80D8O§ EB§OA80 :0E0A8O <AF9??9>F E0?0EOA80 ¯?>9A 80�80DOE�0 ("AI Winter") Ý>9?8V. �0?O@80D 1VD �0A0 
A9=DBAAO§ FO@ L9>F9G?V 9>9AVA F¯EVA8V. ,9LV@? �9=DBA80D8O �010FF0D�0 1VDV>FVDG.
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�í? �454BBO ?5@F5?B@>= (MLP) 6Ý=5 BV>5?5= B4@4BO?4BO= 65?V?5@

XOR @ÝE9?9EVA L9LG ¯LVA 5VDA9L9 C9DF9CFDBA8O 5VDV>FVDG >9D9> 5B?8O. �µ? >íC �454FFO C9DF9CFDBA (Multi-Layer Perceptron, MLP) @B89?VAV§ C4=84 5B?GOA4 Ý>9?8V. �µ? 3 5¯7VA7V F9D9§ 
B�OFG8O§ A97V;V.

MLP 3 5µ? FV>9?9= F4D4FO?4FOA A9=DBA8O� :9?VAV§ (Feed-forward Network) >?4EE<>4?O� @OE4?O. "&V>9?9= F4D4FO?4FOA" 8979AV@V; 3 4�C4D4F F9> 5VD 54�OFF4: >VDVEF9A LO�OE�4 �4D4=, 
9L�4A84= F<>? A9@9E9 >9DV 54=?4AOEEO; �B;�4?48O.

MLP �@E<B5>BC@4AO

MLP >9@ 8979A89 ¯L �454FF4A FµD48O:

�VDVE �454FO (Input Layer)

�9D9>F9D8V �45O?84=FOA A9=DBA84D. �µ? �454FF4 
9E9CF9G :¯D@9=8V, B? F9> 89D9>FV >9?9EV �454F�4 
:V59D98V. �9=DBA84D E4AO >VDVE 89D9>F9D8V§ í?L9@ 
(features) E4AOA4 F9§.

�4EODOA �454F(F4D) (Hidden Layer(s))

�VDVE :ÝA9 LO�OE �454FF4DOAO§ 4D4EOA84 BDA4?4E�4A. 
�4�O; "B=?4G" CDBF9EV BEOA84 :¯D98V. �µ? �454FF4D 
>VDVE 89D9>F9D89A >¯D89?VD9> :ÝA9 45EFD4>FV?V 
59?7V?9D8V LO�4DG�4 ¯=D9A98V. "&9D9§ B�OFG" BEO 
:4EODOA �454FF4D8O§ >íC 5B?GOA 5V?8VD98V.

,O�OE �454FO (Output Layer)

�9?VAV§ EB§�O AÝF<:9EVA A9@9E9 5B?:4@OA LO�4D48O. 
�9=DBA84D E4AO L9LV?9FVA @ÝE9?979 54=?4AOEFO.

�>B<6B5=4V@C DC=>F<O?4@O (Activation Function)

MLP-8V ¯=D9FG ¯LVA 5V; $B;9A5?4FFO§ "54EC4?84� HGA>F<OEOA" �B?84A4 4?@4=@O;. �979? %9595V B? 8<HH9D9AF<4?84A54=8O. �? 5V;79 :9?VAV ¯=D9FG ¯LVA 7D48<9AF (FGOA8O) �4:9F. �V;79 
F97VE, ¯;8V>EV; HGA>F<O?4D >9D9>.

%<7@B<8 (Sigmoid)
$BD@G?4EO: Ã(z) = 1/(1 + e{¿). �ÝF<:9AV [0, 1] 4D4?O�OA4 
"�OE48O". /�F<@4?8O�F4D8O 5B?:4G ¯LVA O§�4=?O.

�<C9D5B?4?O� F4A79AE (Tanh)
$BD@G?4EO: tanh(z) = (e¿ 2 e{¿)/(e¿ + e{¿). �ÝF<:9AV [-1, 1] 
4D4?O�OA4 "�OE48O". �í5VA9E9 E<7@B<8�4 �4D4�4A84 
:4�EOD4� :µ@OE VEF9=8V.

ReLU (Rectified Linear Unit)
$BD@G?4EO: R(z) = max(0, z). �79D z B§ 5B?E4, z-FV§ í;VA 
�4=F4D48O; 979D F9DVE 5B?E4, 0 �4=F4D48O. �¯7VA7V >¯AV 
9§ F4AO@4? F4§84G.
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�4F5=V >5DV F4D4FG Ý4VEV (Backpropagation)

�V;89 9A8V >íC �454FFO :9?V 54D. �VD4� BAO �4?4= ¯=D9F9@V;? �VD �454FFO C9DF9CFDBA84 5V; �4F9AV (t 2 y) 5V?8V> :ÝA9 E4?@4�F4D8O FV>9?9= 
:4§4DFFO�.

MLP-89 5V; F9> EB§�O LO�OE �454FOAO§ �4F9EVA 5V?9@V;. �? :4EODOA �454FF4D84�O A9=DBA84D8O§ "8µDOE :4G45O" �4A84= 5B?GO >9D9> 98V? 
�V; @µAO 5V?@9=@V;.

�EO @ÝE9?9AV L9LG ¯LVA 1980 :O?84DO �4F9AV >9DV F4D4FG (Backpropagation) 4?7BD<F@V :4E4?8O. �µ? 3 5¯>V? ;4@4A4G< F9D9§ B�OFG8O§ A97V;7V 
�B;�4?F�OLO.

Backpropagation 9>V A97V;7V Fµ:ODO@84@4�4 E¯=9A98V:

,O�OA HGA>F<OEO

(Training Loss Function)
�D48<9AFFV> F¯EG

(Gradient Descent)

1. ��OFG LO�O=O (Training Loss)

�9?VAV§ �4AL4?O�FO ":4�EO" :µ@OE VEF9C FµD�4AOA í?L9G ¯LVA 5V;79 5VD E4A �4:9F. �µ? E4A LO�OA HGA>F<OEO 89C 4F4?48O. �? :9?VAV§ 
5B?:4@O (yº�± ) @9A A4�FO :4G4CFO§ (y¼��±) 4D4EOA84�O 4=OD@4LO?O�FO 9E9CF9=8V.

�4�E4FO@O; 3 BEO LO�OA8O (Loss, L) 54DOAL4 4;4=FG.

�<V �B?84AO?4FOA LO�OA HGA>F<OEO: �DF4L4 >648D4FFO� �4F9 (Mean Squared Error, MSE):

L = (1/N) 3�¬¡? (y¼��±}q~ 2 yº�± }q~)²
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2. �D44<5=FFV> F¯EG (Gradient Descent)

�A8V 5V;8V§ @VA89FV@V; 3 :9?V897V 54D?O� E4?@4�F4D8O (Ë) :ÝA9 O�OEG?4D8O (b) BEO L LO�OA HGA>F<OEOA 4;4=F4FOA84= 
9FVC í;79DFG. �µAO �4?4= VEF9=@V;? �D48<9AFFV> F¯EG Ý8VEV 4D�O?O.

�=4?>7<O: %V; Fµ@4A8O F4G8O§ 54EOA84 FµDEO; :ÝA9 9§ Fí@9A7V A¯>F979 F¯E>V§V; >9?98V. &µ@4AA4A :B?8O >íD9 
4?@4=EO;, 5VD4� 4O�O§O;8O§ 4EFOA84�O :9D8V§ 9§VEVA E9;9 4?4EO;. �§ Fí@9A79 F9; F¯EG ¯LVA EV; 9§ FV> 9§VE 54�OFOA84 
:¯D9EV;.

�D48<9AF ('L) 3 5µ? LO�OA HGA>F<OEOAO§ 54D?O� E4?@4�F4D 5B=OAL4 4?OA�4A :9>9 FGOA8O?4DOAO§ 69>FBDO. 
�D48<9AF "LO�OA HGA>F<OEO 9§ :O?84@ íE9FVA" 54�OFFO >íDE9F98V. ,O�OA8O 4;4=FG ¯LVA 5V; 7D48<9AF>9 �4DEO 
54�OFF4 >VLV7VDV@ �484@ :4E4GO@O; >9D9>.

%4?@4�FO :4§4DFG 9D9:9EV:

Ë:4§4 = Ë9E>V 2 · � "L/"Ë

�µA84�O · 3 B�OFG :O?84@8O�O (learning rate), 5V;8V§ "�484@O@O;8O§" í?L9@V.
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Backpropagation 4?7BD<F@VAV§ �484@84DO

Backpropagation 3 5µ? "L/"Ë 7D48<9AFVA 9E9CF9G8V§ F<V@8V Ý8VEV. �? @4F9@4F<>484�O FV;59>FV> 9D9:9AV (chain rule) �B?84A48O.

&V>9?9= F4D4FG (Forward Pass)
�VDVE 89D9>F9D (x) :9?V79 59DV?98V. 
��C4D4F �454FF4A �454F�4 íFVC, ÝD 
A9=DBAAO§ @ÝAV 9E9CF9?98V. �§ 
EB§OA84, LO�OE �454FOA84 5B?:4@ 
(yº�±�) 4?OA48O. �EO 5B?:4@ 4D�O?O 
LO�OA (L) 9E9CF9?98V.

�9DV F4D4FG (Backward Pass)
�VA9, 9§ �O;O�O BEO :9D89. �V; �4F9AV 
>9DV 54�OFF4 F4D4F4@O;. ,O�OE 
�454FO: �?8O@9A, LO�OAAO§ (L) 
LO�OE �454FOAO§ E4?@4�F4DOA4 (Ë²�¼) 
�4FOEFO 7D48<9AFVA 9E9CF9=@V;. 
�4EODOA �454F: �A8V LO�OAAO§ 
:4EODOA �454FFO§ E4?@4�F4DOA4 
(Ëµ���±¹) �4FOEFO 7D48<9AFVA F45GO@O; 
>9D9>. &V;59>FV> 9D9:9AV �B?84A4 
BFODOC, 5V; LO�OE �454FOA4A >9?79A 
"�4F9 E<7A4?OA" 4?4@O; 84, BAO 
:4EODOA �454FFO§ E4?@4�F4DOA4 
"F4D4F4@O;".

%4?@4�F4D8O :4§4DFG (Weight 
Update)
�4D?O� E4?@4�F4D ¯LVA "L/"Ë 
7D48<9AFF9DV 9E9CF9?79AA9A >9=VA, 5V; 
7D48<9AFFV> F¯EG HBD@G?4EOA 
�B?84AOC, 54D?O� E4?@4�F4D8O 5VD 
G4�OFF4 :4§4DF4@O;: Ë = Ë 2 · � 'L

�EO ¯L �484@ (Forward > Backward > Update) 89D9>F9D :<A4�OA84�O 54D?O� @OE4?84D ¯LVA @O§84�4A D9F �4=F4?4A48O. �EO �4=F4?4AG 
CDBJ9EV MCBI4 (epoch) 89C 4F4?48O. '4�OF íF9 >9?9, :9?VAV§ LO�OAO (L) 4;4=OC, BAO§ 5B?:4@84DO 8Ý?VD9> 5B?4 54EF4=8O.

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


�>DOFO=4O 6Ý=5 ÝDV �4D4= 75DFF5G

�¯7VA7V 8ÝDVEF9 5V; :4E4A8O A9=DBA8O� :9?V?9D8V§ A97V;89DVA �4D4EFOD8O�.

�V; BAO§ 9§ �4D4C4=O@ �µDO?OE @4F9D<4?O 3 C9DJ9CFDBAA4A 54EF48O� :ÝA9 BAO§ EO;O�FO� 9@9E @ÝE9?9?9D8V (XOR) L9L9 4?@4=FOAOA >íD8V>.

�µ? L9>F9G8V :9§G ¯LVA >íC �454FFO C9DJ9CFDBA84D (MLP) A9@9E9 FV>9?9= F4D4FO?4FOA :9?V?9D 9A7V;V?79AVA 5V?8V>.

MLP-8V ¯=D9FG ¯LVA 5V;79 54EC4?84� HGA>J<OEOAO§ BDAOA4 8<HH9D9AJ<4?84A4FOA 4>F<6F9A8VDG HGA>J<O?4DO (Sigmoid, ReLU) �4:9F 5B?8O.

�9?VAV ¯=D9FG8V§ A97V;7V @9I4A<;@V 3 �D48<9AFFV> F¯EG 4D�O?O LO�OA HGA>J<OEOA 4;4=FG 9>9AVA F¯EVA8V>.

�4F9AV >9DV F4D4FG (Backpropagation) 3 5µ? :4EODOA �454FF4D84�O @<??<4D8F4�4A E4?@4�F4D8O§ 7D48<9AFVA F<V@8V 9E9CF9G79 @¯@>VA8V> 59D9FVA 4?7BD<F@ 9>9AVA >íD8V>.

�µ? F4�ODOC 3 F9D9§ B�OFG Ý?9@VA9 >VDVEC9 �4A4. ÜDV �4D4= ;9DFF9G ¯LVA >9?9EV @4§O;8O F4�ODOCF4D�4 A4;4D 4G84DG�4 5B?48O:

�BA6B?NJ<O?O� A9=DBA8O� :9?V?9D (CNN)

%GD9FF9D8V, 6<89B?4D8O :ÝA9 54E�4 84 >9§VEFV>FV> 89D9>F9D8V í§89G79 
@4@4A84A8ODO?�4A :9?V?9D. �?4D CAPTCHA @OE4?OA84 MLP-79 �4D4�4A84 Ý?89�4=84 
F<V@8V.

$9>GDD9AFFV A9=DBA8O� :9?V?9D (RNN)

�ÝFVA, Eí=?9G FV?V, G4�OF �4F4D?4DO E<O�FO FV;59>FV 89D9>F9D@9A :µ@OE VEF9G79 
4DA4?�4A :9?V?9D. LSTM :ÝA9 GRU 4DI<F9>FGD4?4DO BEO E4?4EOA84 @4§O;8O.

�CF<@<;4FBD?4D (Optimizers)
Adam, RMSprop E<O�FO EF4A84DFFO 7D48<9AFFV> F¯EG8V :4�E4DF4FOA 4?7BD<F@89D. �?4D 
B�OFG CDBJ9EVA F9; :ÝA9 FµD4�FO 9F9 F¯E98V.

$97G?OD<;4J<O (Regularization)
�9?VAV§ B�G 89D9>F9DVA :4FF4C 4?GOAO§ (Overfitting) 4?8OA 4?G Ý8VEF9DV. Dropout :ÝA9 L2 
D97G?OD<;4J<OEO BEO E4?4EOA84 @4§O;8O.

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


�ÝDVEFV @5§75DG75 4DA4?�4A 54�O?4G EµD4�F4DO

�4E4A8O A9=DBA8O� :9?V 8979AV@V; A9 :ÝA9 BAO§ C9DJ9CFDBAA4A �4A84= 4=OD@4LO?O�O 54D?1.
�VD �454FFO C9DJ9CFDBAAO§ E4?@4�F4DOA :4§4DFG 9D9:9EVA (Perceptron Learning Rule) E<C4FF4§O;.2.
"XOR @ÝE9?9EV" 8979AV@<; A9 :ÝA9 A9?V>F9A 5µ? @ÝE9?9 5VD �454FFO C9DJ9CFDBA ¯LVA @4§O;8O L9>F9G 5B?8O?3.
�íC �454FFO C9DJ9CFDBA (MLP) 4DI<F9>FGD4EOA84 ":4EODOA �454FFO§" Dí?V �4A84=?4.
�9?V>F9A A9=DBA8O� :9?V?9D89 ReLU A9@9E9 Sigmoid E<O�FO 8<HH9D9AJ<4?84A4FOA 4>F<6F9A8VDG HGA>J<O?4DO 
�4:9F?

5.

�4F9AV >9DV F4D4FG (Backpropagation) 4?7BD<F@VAV§ 9>V A97V;7V >9;9§VA (Forward Pass :ÝA9 Backward Pass) E<C4FF4§O;.6.

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