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t-SNE 4 :B�4DO í?L9@8V 89D9>F9D8V EO7O�FO� 5<5E F¯D?9A8VDG 4D�O?O >íDA9>V 59=A9?9G79 4DA4?�4A �G4FFO Ý8VE. �AO§ 
A97V;7V <89OEO íF9 �4D4C4=O@ ÝDV F<V@8V: :B�4DO í?L9@8V >9§VEFV>F9 µ�E4E (64�O=) BDA4?4E�4A A¯>F9?9D8V Fí@9A í?L9@8V 
>9§VEFV>F9 89 64�O= BDA4?4EFODG. �±? 89D9>F9D8V§ VL>V >?4EF9D?V> �±DO?O@OA 4=�OA >íDE9FG79 @¯@>VA8V> 59D98V.
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t-SNE 4?7BD<F@VAV§ 4?�4L�O �484@O 3 :B�4DO í?L9@8V >9§VEFV>F97V 9>V A¯>F9 4D4EOA84�O µ�E4EFO�FO A9@9E9 

O�F<@4?4O�FO 8Ý? 9E9CF9G. �µ? ¯LVA �4GEE ¯?5EFVDV@V (Gaussian distribution) �B?84AO?48O. ÜD5VD 89D9> A¯>F9EV í;VAV§ 
>íDLV?9DVA9 �4FOEFO O�F<@4?8O� F4D4?O@OA �4?OCF4EFOD48O. �µ? O�F<@4?8O� A¯>F9?9D8V§ 5VD-5VDVA9 �4AL4?O�FO 
>íDLV 5B?G @¯@>VA8V7VA >íDE9F98V. �4�OA A¯>F9?9D8V§ O�F<@4?8O�O :B�4DO 5B?48O.

�4GEE ®?9EFVDV@V

�4GEE ¯?9EFVDV@V (�B§OD4G FÝDV;8V �<EO�) A¯>F9?9D8V§ 

4D4�4LO�FO�OA O�F<@4?8O��4 4=A4?8OD48O. �79D 9>V 
A¯>F9 :4�OA BDA4?4EE4, B?4D8O§ 5VD-5VDVA9 F<9EV?V 5B?G 
O�F<@4?8O�O :B�4DO 5B?48O.
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�B�4DO í?L9@8V >9§VEFV>F97V µ�E4EFO�F4D8O 9E9CF979AA9A >9=VA, t-SNE 9A8V Fí@9A í?L9@8V >9§VEFV>F97V A¯>F9?9D 
4D4EOA84�O µ�E4EFO�FO 9E9CF9=8V. �µ? :9D89 %BC45ABBV§ t-¯?5ABV@V@V (Student's t-distribution) �B?84AO?48O. �µ? 
¯?9EFVDV@ �4GEE ¯?9EFVDV@VA9 �4D4�4A84 4CO@ �µ=@O�BO (heavy-tailed) 5B?OC >9?98V, O�A< 4?OE BDA4?4E�4A A¯>F9?9D79 
4; O�F<@4?8O� 59D9 BFODOC, B?4D8O Fí@9A í?L9@8V >9§VEFV>F9 5í?V? µAB4C�4 >í@9>F9E98V. �µ? >?4EF9D?9D8V§ 4AO� 
>íDVAGVA �4@F4@4EO; 9F98V.

%FG89AFFV§ t-®?9EFVDV@V

%FG89AFFV§ t-¯?9EFVDV@V �4GEE ¯?9EFVDV@VA9 �4D4�4A84 �4LO�FO�FO Ý?EV; :4;4?4=8O, 5µ? 4?OE A¯>F9?9D8V§ Fí@9A 
í?L9@8V >9§VEFV>F9 5VD-5VDVA9 íF9 :4�OA >9?@9GVA �4@F4@4EO; 9F98V. �µ? >?4EF9D?9D 4D4EOA84�O 5BE BDOA8O 
>í59=FVC, B?4D8O 4=�OAOD4� 9F98V.
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�9DC?9>E<FV?V> (Perplexity) ´�O@O
�9@??9>A<BV?V> 3 t-SNE 4?7BD<F@VAV§ 9§ @4§O;8O C4D4@9FD?9DVAV§ 5VDV. �? ÝD A¯>F9AV§ >íDLV?9DVAV§ B<V@8V A4AOA 4AO�F4=8O. �µ? 
C4D4@9FD 89D9>F9D8V§ :9@7V?V>BV (local) :ÝA9 :4¿4A8O� (global) �µDO?O@O 4D4EOA84�O F9C9-F9§8V>FV D9FF9=8V.
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�íDLV A¯>F9?9D8V§ �4?4= FBCF4E4FOAOA >íDE9F98V. &í@9A C9DC?9>E<FV?V> :9D7V?V>FV µ�E4EFO�F4D�4 54EO@8O� 59D98V.
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�9D9>F9D :<OAOAO§ :4?CO CVLVAV @9A ¯?>9A >?4EF9D?9D 4D4EOA84�O �4FOA4EFO >íDE9F98V. �B�4DO C9DC?9>E<FV?V> 
:4¿4A8O� �µDO?O@8O E4�F4G�4 µ@FO?48O.
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�9DC?9>E<FV?V>FV§ 8µDOE @ÝAVA F4§84G AÝF<:9AV§ E4C4EO ¯LVA íF9 @4§O;8O. Ü89FF9 5-F9A 50-79 89=VA7V @ÝA89D 
�B?84AO?48O.
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t-SNE 4?7BD<F@VAV§ A97V;7V @4�E4FO 3 :B�4DO í?L9@8V >9§VEFV>F97V 89D9>F9D A¯>F9?9DVAV§ 4D4EOA84�O O�F<@4?8O� F4D4?O@O ( ) 

@9A Fí@9A í?L9@8V >9§VEFV>F97V A¯>F9?9D8V§ 4D4EOA84�O O�F<@4?8O� F4D4?O@O ( ) 4D4EOA84�O 4=OD@4LO?O�FO 54DOAL4 
4;4=FG. �µ? 4=OD@4LO?O�FO 54�4?4G ¯LVA �G??55>-�5=5?5D �<65D75=F<OEO (KL-Divergence) 4FFO @9FD<>4 �B?84AO?48O.
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KL-8<69D79AF<O 9>V O�F<@4?8O� F4D4?O@OAO§ �4AL4?O�FO 
ÝDF¯D?V 9>9AVA í?L9=8V. t-SNE >BAF9>EFVA89 B? :B�4DO í?L9@8V 
:ÝA9 Fí@9A í?L9@8V >9§VEFV>F9D897V >íDLV?V> 
µ�E4EFO�F4DOAO§ �4AL4?O�FO EÝ=>9E >9?9FVAVA >íDE9F98V.
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t-SNE �µ@OE �4�<84EO: �D48<9AFFV> &¯EG
t-SNE BEO KL-8<69D79AF<OAO 7D48<9=FFV> F¯EG (Gradient Descent) Ý8VEV 4D�O?O <F9D4F<6FV F¯D89 4;4=F48O. �µ? CDBF9EF9 Fí@9A í?L9@8V 
>9§VEFV>F97V 89D9>F9D A¯>F9?9DVAV§ BDA4?4EGO ÝD5VD �484@84 D9FF9?VC BFOD48O.

�4EF4C�O �DA4?4EG
�¯>F9?9D Fí@9A í?L9@8V >9§VEFV>F9 >9;89=EB� BDA4?4E48O.

KL-�<69D79AF<O �E9CF9G
��O@84�O BDA4?4EG�4 A97V;89?79A �4F9 9E9CF9?98V.

�D48<9AFFV> &¯EG �484@O
�¯>F9?9D �4F9AV 4;4=FG ¯LVA :4§4 CB;<F<O?4D�4 :O?:<8O.

�F9D4F<O?4D

�DBF9EE >BA69D79AF<O�4 :9F>9AL9 A9@9E9 @4>E<@4?8O <F9D4F<O E4AOA4 :9F>9AL9 �4=F4?4A48O.
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PCA-@9A %4?OEFODG: %O;O�FO� :ÝA9 %O;O�FO� �@9E

�9D9>F9D8V í?L9@8V?V7VA Fí@9A89FG8V§ 9>V F4AO@4? Ý8VEV 3 PCA :ÝA9 t-SNE 3 ÝDF¯D?V �4�<84?4D�4 A97V;89?79A :ÝA9 ÝDF¯D?V @4�E4FF4D�4 
�O;@9F 9F98V.

PCA (�97V;7V �B@CBA9AFF9D Ü8VEV)

%O;O�BO� FD4AEHBD@4F<O. �? 89D9>F9D8V§ 9§ ¯?>9A 

8<A?9@A<OAOA E4�F4G�4 54�OFF4?�4A. PCA ¯?>9A @4ELF45F4�O 
89D9>F9D �µDO?O@OA, @OE4?O, 89D9>F9D8V§ :4?CO 54�OFF4DOA 
4AO�F4G84 F<V@8V.
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t-SNE (t-distributed Stochastic Neighbor Embedding)

%O;O�BO� 9@9A FD4AEHBD@4F<O. �? A97V;VA9A :9@7V?V>BV 
µ�A4ABO�BO E4�F4G�4 54�OFF4?�4A. t-SNE >?4EF9D?9D8V§ VL>V @ÝAVA, 
O�A< FBCF4D8O§ VLVA897V :ÝA9 4D4EOA84�O �4FOA4EF4D8O 4LG84 
9D9>L9?9A98V.
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�<;G4?<;4F<O �ÝF<:9?9DVA �AF9DCD9F4F<O?4G �D9:9?9DV

t-SNE >4DF4?4DOA 8µDOE F¯EVAG ¯LVA >9=5VD @4§O;8O 9D9:9?9D8V 9EF9 E4�F4G �4:9F. Ü8VEFV§ F45<�4FOA4A FGOA84=FOA �4F9 F¯EVAV>F9D89A 4G?4� 5B?G 
@4§O;8O.

�D4�4LO�FO� �4§O;8O

&9> 9>V A¯>F9AV§ Fí@9A í?L9@8V >9§VEFV>F9 

:4�OA 5B?GO B?4D8O§ :B�4DO í?L9@8V 
>9§VEFV>F9 µ�E4E 9>9AVA 5V?8VD98V. �?OE 
BDA4?4E�4A >?4EF9D?9D ÝDF¯D?V 5B?OC 

E4A4?48O.

ì?L9@ �4§O;8O �@9E

�?4EF9D?9D8V§ Fí@9A í?L9@8V >9§VEFV>F97V 

í?L5@VA5 :ÝA9 ?VLVAVA5 E9AG79 5B?@4=8O. 
�?4D :B�4DO í?L9@8V >9§VEFV>F97V LOA8O�FO 
8Ý? >íDE9FC9GV @¯@>VA.

%4�FO� &4AOFG

t-SNE AÝF<:9?9DVA 54E�4 Ý8VEF9D@9A (@OE4?O, 

PCA) 5VD79 �B?84AOC, :4A-:4�FO F4?84G 
:4E4G µEOAO?48O. �µ? �4F9 <AF9DCD9F4F<OAO 
5B?8OD@4G�4 >í@9>F9E98V.
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�BDOFOA8O: �>V Ü8VEFV �VDV>FVDVC �B?84AG
t-SNE 4 :B�4DO í?L9@8V 89D9>F9D897V >¯D89?V �µDO?O@84D8O :ÝA9 >?4EF9D?9D8V 4LG�4 @¯@>VA8V> 59D9FVA F4CFOD@4E 
�µD4?. PCA :4?CO 8<EC9DE<OAO E4�F4G�4 54�OFF4?�4A EO;O�FO� Ý8VE 5B?E4, t-SNE EO;O�FO� 9@9E FD4AEHBD@4F<O 
4D�O?O 89D9>F9D8V§ VL>V @ÝAVA 4L48O. �9D9>F9D8V FB?O� F¯EVAG ¯LVA 4A4?<F<>F9D BEO 9>V Ý8VEFV§ 4DFO�LO?O�F4DOA 
5V?VC, B?4D8O 5VDV>FVDVC �B?84AGO >9D9>.

"�9D9>F9D8V F9> >íDG :9F>V?V>EV;, BAO F¯EVAG �4:9F."
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