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�ÝDVEFV§ <4�E4FO

NLP-8V§ A9 9>9AVA, BAO§ :4E4A8O <AF9??9>F E4?4EOA84�O BDAOA :ÝA9 >¯A89?V>FV í@VD897V @OE4?84DOA (Google Search, 
Translate) F¯EVA8VDG89A 54EF4?48O. %B84A >9=VA, NLP-8V§ A97V;7V �<OA8O�O 3 484@ FV?VAV§ >¯D89?V?V7VA :ÝA9 BAO E4A8O� 
HBD@4F�4 4=A4?8ODG �4:9FFV?V7VA >íDE9FG �4D4EFODO?48O. �ÝDVE 54DOEOA84 EFG89AFF9D @ÝFVA8V 4?8OA 4?4 í§89G8V§ 
(text preprocessing) A97V;7V >9;9§89DV@9A F4AOE48O. %BA84=-4�, �4D4C4=O@ F4?84G Ý8VEV D9FVA89 "%í; 5µ?FF4DOA" (Word 
Clouds) :ÝA9 BAO§ Eí; :<V?V7VA9 A97V;89?9FVAVA ;9DFF9G, EF4F<EF<>4?O� FV?8V> @B89?P89G8V (LM) :ÝA9 n-7D4@@ (5<7D4@@, 
FD<7D4@@) @B89?P89DVA Eí;89D8V§ D9FFV?V7VA 9E9C>9 4?G ¯LVA �4?4= �B?84AO?4FOAOA F¯EVA8VDG >í;89?79A. %B§OA84, 
F4�ODOCFO� @B89?P89G8V§ (Topic Modeling) A9 9>9AVA :ÝA9 BAO§ A97V;7V 4?7BD<F@V Latent Dirichlet Allocation (LDA) �4?4= 
:µ@OE VEF9=FVAVA @9§79DFG @4�E4F 9FV?98V.
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�57V77V EµD4�F4D:

&45<�< FV?8V í§89G (NLP) 8979AV@V; A9 :ÝA9 BAO§ A97V;7V �<OA8O�O A989?
 ÝFVA8V 4?8OA 4?4 í§89G (text preprocessing) A9 ¯LVA �4:9F?
&B>9A<;4F<O, %F9@@<A7 :ÝA9 �9@@4F<;4F<OAO§ 4=OD@4LO?O�O A989?
"%í; 5µ?FOA" (Word Cloud) :4E4G >9;VA89 "FB�F4G Eí;89D8V" (stop words) A9?V>F9A 4?OC F4EF4G >9D9>?
n-7D4@@ @B89?V (@OE4?O, 5<7D4@@) "Eí;89D :<OAFO�O" (bag of words) @B89?VA9A A9EV@9A 9D9>L9?9A98V?
Latent Dirichlet Allocation (LDA) 4?7BD<F@VAV§ A97V;7V <89OEO �4A84=?
LDA-84 �<55E VDV>F9GV (Gibbs Sampling) �4A84= Dí? 4F�4D48O?
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&458�8 FV?8V í§89G 8979AV@V7 A9?

&45<�< FV?8V í§89G (Natural Language Processing, NLP) 3 5µ? :4E4A8O <AF9??9>F (AI), <AHBD@4F<>4 :ÝA9 ?<A76<EF<>4 
E4?4?4DOAO§ �<O?OEOA84 BDA4?4E�4A, >B@CPNF9D?9D79 484@ FV?VA (�4;4�, 4�O?LOA, BDOE FV?89DV E<O�FO) "F¯EVAG79", 
<AF9DCD9F4F<O?4G�4 :ÝA9 79A9D4F<O?4G�4 @¯@>VA8V> 59DG79 54�OFF4?�4A 54�OF.

�V; NLP-8V >¯A89?V>FV í@VD89 ¯A9@V �B?84A4@O;:

Google Search: %V;8V§ EµD4AOEO§O;8O F¯EVAVC, 9§ @4�OA4?O :4G4CFO F45G.
Google Translate / Yandex Translate: �VD FV?89A 9>VALV FV?79 4G84DG.
�4GOEFO� >í@9>LV?9D (Siri, Alexa): %V;8V§ 84GOEO§O;8O F4AOC, 4=F�4AO§O;8O BDOA84G.
%C4@-H<?PFD?9D: -?9>FDBA8O� CBLF4AO§ @4;@µAOA4 �4D4C, BAO§ EC4@ 9>9AVA 4AO�F4G.
�6FB-F¯;9FG (Autocorrect): &9?9HBA84 @ÝFVA F9D79A89 �4F9?9DV§V;8V F¯;9FG.

NLP-8V§ A97V;7V �<OA8O�O A989? �84@ FV?V 3 íF9 >¯D89?V �µDO?O@. �? >íC @4�OA4?O?O��4 (ambiguity), E4D>4;@�4, 
>BAF9>EF>9, @Ý89A< 9D9>L9?V>F9D79 FB?O. �B@CPNF9D?9D E4A84D@9A :µ@OE VEF9G79 84�8O?4A�4A, 4? @ÝFVA@9A 9@9E.

NLP-8V§ 5VDVALV :ÝA9 9§ @4§O;8O �484@O 3 BEO D9FEV;, "?4E" @ÝFVA8V >B@CPNF9D F¯EVA9 4?4FOA �µDO?O@84?�4A, E4A8O� 
HBD@4F�4 4=A4?8ODG.
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�ÝFV=4V 449O=44G: �D4<<4F8:4, &>:5=874F8O 6Ý=5 �>D<4;874F8O

�V; @ÝFVA@9A :µ@OE VEF9G8V 54EF4@4E 5µDOA, BAO "F4;4?4G" :ÝA9 �µDO?O@84G CDBF9EVA9A íF>V;GV@V; >9D9>. �µ? CDBF9EE 
@ÝFVA8V 4?8OA 4?4 í§89G (text preprocessing) 89C 4F4?48O.

1. &>:5=874F8O (Tokenization):

�µ? 3 @ÝFVA8V >VLV7VDV@ 5í?V>F9D79, O�A< FB>9A89D79 5í?G CDBF9EV. &B>9A89D Eí=?9@, Eí; A9@9E9 FVCFV E<@6B? 5B?GO 
@¯@>VA.

%í=?9@79 FB>9A<;4F<O?4G: �ÝFVA8V :9>9 Eí=?9@89D79 5í?G (Ý89FF9 ., !, ? 59?7V?9DV 4D�O?O).
%í;79 FB>9A<;4F<O?4G: ÜD Eí=?9@8V :9>9 Eí;89D79 5í?G.

�OE4?:

�4EF4C�O @ÝFVA: "%Ý?9@, Ý?9@! �¯7VA NLP B�<@O;."
%í=?9@ FB>9A89DV: ["%Ý?9@, Ý?9@!", "�¯7VA NLP B�<@O;."]
%í; FB>9A89DV: ["%Ý?9@", ",", "Ý?9@", "!", "�¯7VA", "NLP", "B�<@O;", "."]
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2. �BD@4?874F8O (Normalization):

&B>9A<;4F<O84A >9=VA 5V; @4�OA4EO 5VD, 5VD4� :4;O?GO ÝDF¯D?V FB>9A89D8V 5VDV;89A8VDGV@V; >9D9>.

&í@9A7V D97<EFD79 4GOEFODG (Lowercasing): "�VF4C" :ÝA9 ">VF4C" Eí;89DVA 5VD89= 9FG ¯LVA 54D?O�OA Fí@9A7V D97<EFD79 
(lowercase) 4GOEFODG. ["EÝ?9@", ",", "Ý?9@", "!", "5¯7VA", "nlp", "B�<@O;", "."]
�GA>FG4F<OAO 4?OC F4EF4G: �79D FOAOE 59?7V?9DV @4§O;8O 5B?@4E4 (@OE4?O, EC4@-H<?PFD89), B?4D8O 4?OC 
F4EF4=@O;. ["EÝ?9@", "Ý?9@", "5¯7VA", "nlp", "B�<@O;"]
&B�F4G Eí;89D8V (Stop Words) 4?OC F4EF4G: ":ÝA9", "A9@9E9", "5VD4�", "@9A", "E9A", "B?" E<O�FO :<V >9;89E9FVA, 5VD4� 
@4�OA4?O� :¯>F9@9EV 4; Eí;89D8V ("FB�F4G Eí;89D8V") 4?OC F4EF4G. �µ? @ÝFVAAV§ A97V;7V @4;@µAOA 5í?VC 4?G�4 
>í@9>F9E98V.

%í78V§ A97V7VA F45G (Stemming & Lemmatization):

%F9@@<A7 (Stemming): %í;8V§ F¯5VDVA F45G ¯LVA :4?�4G?4D8O ">9EVC" F4EF4=FOA �4D4C4=O@, 9D9:979 A97V;89?79A 
CDBF9EE (@OE4?O, "B�<@O;", "B�O8O", "B�GLO" > "B�"). �ÝF<:9 ÝD�4L4A @4�OA4?O Eí; 5B?4 59D@9GV @¯@>VA.
�9@@4F<;4F<O (Lemmatization): %í;8V BAO§ 54EF4C�O, Eí;8V>F97V HBD@4EOA4 (?9@@4EOA4) >9?FVDG ¯LVA 
@BDHB?B7<O?O� F4?84G8O �B?84A48O (@OE4?O, "B�<@O;" > "B�G", "54D8O@" > "54DG"). �µ? EF9@@<A7>9 �4D4�4A84 
>¯D89?V, 5VD4� 8Ý?VD9> Ý8VE.

�EO CDBF9EF9D89A >9=VA �4A4 5V;8V§ @ÝFVAV@V; F4?84G�4 84=OA 5B?48O.
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�4@4?4=O@ F4?44G: %í7 5µ?FF4@O (Word Clouds)

�ÝFVA8V 4?8OA 4?4 í§89G89A >9=VA :4E4= 4?4FOA 9§ �4D4C4=O@ F4?84G 3 5µ? Eí;89D8V§ :<V?V7VA (word frequency) 9E9CF9G.

%í; 5µ?FO (Word Cloud) 3 5µ? @ÝFVA8V> 89D9>F9D897V Eí;89D8V§ :<V?V7VA >íDA9>V F¯D89 µEOA4FOA 6<;G4?<;4F<O Ý8VEV.

�ÝFVA89 :<V >9;89E9FVA Eí;89D ¯?>9AVD9> :ÝA9 �4?O§ LD<HFC9A >íDE9FV?98V.
%<D9> >9;89E9FVA Eí;89D >VLVD9> LD<HFC9A >íDE9FV?98V.

%í; 5µ?FOA :4E4G ¯LVA:

�ÝFVA8V FB>9A<;4F<O?4C, ABD@4?<;4F<O84A íF>V;G (Fí@9A7V D97<EFD, CGA>FG4F<OAO :BN).1.
&B�F4G Eí;89D8V (stop words) @VA89FFV F¯D89 4?OC F4EF4G. (�79D 4?OC F4EF4@4E4�, ":ÝA9", "@9A", "89" E<O�FO Eí;89D 9§ 
¯?>9A 5B?OC LO�48O 84, 6<;G4?<;4F<OAO§ @4�OA4EO 5B?@4=8O).

2.

ÜD5VD �4?�4A Eí;8V§ :<V?V7VA E4A4G.3.
�EO :<V?V>F9D A97V;VA89 "5µ?FFO" 79A9D4F<O?4G.4.

�µ? Ý8VE @ÝFVAAV§ A97V;7V F4�ODO5OA A9@9E9 "A9 FGD4?O" 9>9AVA 5VD �4D4�4AA4A-4� :O?84@ F¯EVAG79 @¯@>VA8V> 59D98V.
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%F4F<EF<>4?O� FV?8V> @>89?P89G: n-7D4@@8O� FV? ¯?7V?9DV

�ÝFVA8V :4= �4A4 "Eí;89D :<OAFO�O" (bag of words) D9FVA89 �4D4EFODG (Eí; 5µ?FOA84�O84=) >íC 4�C4D4FFO :B�4?F48O. %í;89D8V§ D9FFV?V7V íF9 
@4§O;8O.

"�F 484@8O �4CFO" vs "�84@ <FFV �4CFO" 3 Eí;89D 5VD89=, 5VD4� @4�OA4EO @¯?89@ 54E�4.

&V?8V> @B89?P (Language Model, LM) 3 5µ? Eí;89D FV;597VAV§ C4=84 5B?G O�F<@4?8O�OA 9E9CF9=FVA EF4F<EF<>4?O� @B89?P. �AO§ 9§ :<V 
�B?84AO?4FOA @VA89FV 3 59DV?79A 4?8O§�O Eí;89D79 E¯=9AVC, >9?9EV Eí;8V 5B?:4G.

�OE4?O, "�9AV§ 4FO@..." 8979AA9A >9=VA "�=7¯?" Eí;VAV§ C4=84 5B?G O�F<@4?8O�O ">B@CPNF9D" Eí;VA9A Ý?89�4=84 :B�4DO.

&B?O� Eí=?9@AV§ O�F<@4?8O�OA  @4F9@4F<>4?O� F¯D89 9E9CF9G íF9 �<OA, E9595V FV?897V >B@5<A4F<O?4D E4AO L9>EV;.P (Ë  ,Ë  , ..,Ë  )1 2 n

n-7D4@@ (n-gram) @B89?V 5µ? @ÝE9?9AV �4D>B6 5B?:4@O (Markov Assumption) 4D�O?O :9§V?89F98V: "�9?9EV Eí;8V§ O�F<@4?8O�O BAO§ 4?8OA84�O 
54D?O� Eí;89D79 9@9E, F9> n-1 Eí;79 �4A4 FÝG9?8V."

Unigram (1-7D4@@):  . ÜD Eí;8V§ O�F<@4?8O�O 54E�4 Eí;89D79 FÝG9?EV; (5µ? "Eí;89D :<OAFO�O" @B89?V).P (Ë  )i

Bigram (2-7D4@@):  . �9?9EV Eí;8V§ O�F<@4?8O�O F9> 5VD 4?8O§�O Eí;79 FÝG9?8V.P (Ë  *i Ë  )i21

P (<AF5??5>F * 64E4A4O)

Trigram (3-7D4@@):  . �9?9EV Eí;8V§ O�F<@4?8O�O 4?8O§�O 9>V Eí;79 FÝG9?8V.P (Ë  *i Ë  ,Ë  )i22 i21

P (B�OFG * @4L<A4?O�) =à P (B�OFG * F5D5§) =à P (B�OFG * �4LO�FO�F4A)

n-7D4@@84D ¯?>9A @ÝFVA >BDCGEOA84�O (@OE4?O, 54D?O� '<><C98<O) FVD>9EF9D8V§ :<V?V7VA E4A4G 4D�O?O ¯=D9FV?98V.
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&4�O@O?FO� @>45?P45G (Topic Modeling)

�V;89 5VDA9L9 �µ:4F (@4�4?4?4D, E4FF4D, :4§4?O�F4D) 54D 89?V>. �V; 5µ? �µ:4FF4D8O§ "A9 FGD4?O" 9>9AVA 46FB@4FFO F¯D89, 4?8OA-4?4 59?7V?9@9=-4� (O�A<, �484�4?4A54=FOA 
B�OFG) 5V?7V@V; >9?98V.

&4�ODOCFO� @B89?P89G (Topic Modeling) 3 5µ? �µ:4FF4D :<OAFO�OA84�O :4EODOA "F4�ODOCF4D8O" 4AO�F4G�4 4DA4?�4A EF4F<EF<>4?O� Ý8VE.

�§ F4AO@4? 4?7BD<F@ 3 Latent Dirichlet Allocation (LDA).
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LDA-AO§ A97V;7V <89OEO:

LDA 9>V A97V;7V 5B?:4@�4 E¯=9A98V:

ÜD5VD �µ:4F 3 5µ? F4�ODOCF4D8O§ 4D4?4EC4EO (mixture of topics). �OE4?O, 5VD :4§4?O� @4�4?4EO: 70% "%4OE4F", 20% 
"->BAB@<>4", 10% "%CBDF".

1.

ÜD5VD F4�ODOC 3 5µ? Eí;89D8V§ O�F<@4?8O� ¯?9EFVDV@V (a distribution over words). �OE4?O, "%CBDF" F4�ODO5O: 30% "HGF5B?", 
20% "G9@C<BA", 15% ">B@4A84", 10% "B=OA"... �? "->BAB@<>4" F4�ODO5O: 25% "4>F<O", 20% "<AH?OF<O", 15% "54A>", 10% "A9E<9"...

2.

LDA �4?4= :µ@OE VEF9=8V?

�VDVE: "%í;89D :<OAFO�O" (BoW) D9FVA89 µEOAO?�4A �µ:4FF4D :<A4�O (@OE4?O, 1000 @4�4?4) :ÝA9 K (F4�ODOCF4D E4AO, @OE4?O, 
10) E4AO.

�?7BD<F@ (@OE4?O, �<55E VDV>F9GV): �B89?P ÝD5VD �µ:4FF4�O ÝD5VD Eí;8V �4D4C HO�OC, BAO K F4�ODOCFO§ 5VDVA9 F4�4=OA84G�4 
FODOE48O. �? @µAO <F9D4F<6FV F¯D89 :4E4=8O, ÝD5VD Eí;8V§ F4�ODO5OA BAO§ ">íDHV?9E" Eí;89DV @9A �µ:4FF4DOA4 �4D4C 
¯A9@V :4§4DFOC BFOD48O.

,O�OE: �µ:4F-&4�ODOC @4FD<F4EO: ÜD �µ:4FFO§ F4�ODOCFO� �µD4@O (@OE4?O, Doc1: [0.7, 0.2, 0.1, ...]).

&4�ODOC-%í; @4FD<F4EO: ÜD F4�ODOCFO �µD4=FOA A97V;7V Eí;89D (@OE4?O, Topic1: ["HGF5B?", "G9@C<BA", ...]).

�µ? Ý8VE @O§84�4A �µ:4FFO F9; 4D484 F4?84C, B?4D8O§ A97V;7V @4;@µAOA F¯EVAG79 íF9 F<V@8V.
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 5<4D>4: �<55E 5>=O=L4 VDV>F5G Ý4VEV (Gibbs Sampling)

�B�4DO84 "LDA 4?7BD<F@V" 89C 4=FFO�. �VD4� LDA LOA @ÝAVA89 @B89?P8V§ í;V, 4? BAO ¯=D9FG (O�A<, EB? :4EODOA F4�ODOCF4D8O F45G) ¯LVA 4DA4=O 4?7BD<F@89D �4:9F. �<55E 
VDV>F9GV 3 BEO @4�E4FF4 �B?84AO?4FOA 9§ F4AO@4? Ý8VEF9D8V§ 5VDV.

�µ? íF9 >¯D89?V EF4F<EF<>4?O� Ý8VE, 5VD4� BAO§ LDA-84�O :µ@OE VEF9G ?B7<>4EOA �4D4C4=O@ FV?@9A F¯EVA8VDG79 5B?48O:

�4�E4FO:

ÜD5VD �µ:4FF4�O ÝD5VD Eí;8V§ �4= F4�ODOC�4 :4F4FOAOA 4AO�F4G.

�D>F5EEV:

�4EF4C�O F4�4=OA84G: �?8O@9A, 54D?O� �µ:4FF4D84�O ÝD5VD Eí;79  F4�ODOCFO§ 5VDVA >9;89=EB� F4�4=OA84=@O;. (�ÝF<:9EV, ÝD<A9, @4�OA4EO; 5B?48O).1. K

�F9D4F<6FV :4§4DFG: �B89?P @O§84�4A D9F (<F9D4F<O) >9?9EV ÝD9>9FFV �4=F4?4=8O:2.

�? 5VD �µ:4FF4�O 5VD �4A4 Eí;8V (w) 4?48O.

�AO§ 4�O@84�O F4�ODOC F4�4=OA84GOA "µ@OF48O" (íLVD98V).

�A8V B? BEO w Eí;VA9 :4§4 F4�ODOCFO (t) F4�4=OA84G >9D9>. �? L9LV@8V 9>V EµD4��4 A97V;89C �45O?84=8O:

"�µ? �µ:4F�4 �4A84= F4�ODOCF4D µA4=8O?" �? BEO �µ:4FF4�O 54E�4 Eí;89D8V§ �4A84= F4�ODOCF4D�4 F4�4=OA84?�4AOA4 �4D4=8O.

"�µ? Eí;79 �4A84= F4�ODOCF4D µA4=8O?" �? 54E�4 54D?O� �µ:4FF4D84 BEO w Eí;VAV§ �4A84= F4�ODOCF4D�4 F4�4=OA84?�4AOA4 �4D4=8O.

�EO 9>V O�F<@4?8O�FO 5VDV>FVDVC, w Eí;VA9 :4§4 F4�ODOCFO (>9;89=EB�, 5VD4� O�F<@4?8O��4 E¯=9AVC) F4�4=OA84=8O.
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3. &µ@4�B4=C: �AO ?@>F5AA <O§44�4= @5B �49B4;4=�4==4= :59V=, Aí745@4V§ B4�O@O?�4 B4�49O=44;CO :57459A>� 5>;<49, =4�BO �µ@O;O<4O :í@A5B5 
54AB494O.

�OA�4L4 49B�4=44, �855A V@V:B5CV 3 5µ; LDA-=O§ "�>7�4;B�OLO", >; Aí745@4V 8B5@4B86BV B¯@45 �49B4-�49B4 Aµ@O?B4C 4@�O;O 64AO@O= B4�O@O?BO� 
�µ@O;O<4O B4544O.
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�ÝDVEFV @5§75DG75 4DA4?�4A 54�O?4G EµD4�F4DO:

&45<�< FV?8V í§89G (NLP) 8979AV@V; A9 :ÝA9 BAO§ A97V;7V �<OA8O�O A989?1.
 ÝFVA8V 4?8OA 4?4 í§89G (text preprocessing) A9 ¯LVA �4:9F?2.
&B>9A<;4F<O, %F9@@<A7 :ÝA9 �9@@4F<;4F<OAO§ 4=OD@4LO?O�O A989?3.
"%í; 5µ?FOA" (Word Cloud) :4E4G >9;VA89 "FB�F4G Eí;89D8V" (stop words) A9?V>F9A 4?OC F4EF4G >9D9>?4.
n-7D4@@ @B89?V (@OE4?O, 5<7D4@@) "Eí;89D :<OAFO�O" (bag of words) @B89?VA9A A9EV@9A 9D9>L9?9A98V?5.
Latent Dirichlet Allocation (LDA) 4?7BD<F@VAV§ A97V;7V <89OEO �4A84=?6.
LDA-84 �<55E VDV>F9GV (Gibbs Sampling) �4A84= Dí? 4F�4D48O?7.
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