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�ÝDVEFV§ <4�E4FO

�4@4A4G< J<HD?O� Ý?9@AV§ 54=?4AOE�4A �±DO?O@OA :ÝA9 BAO F4?84G8O§ 9>V A97V;7V F9IAB?B7<OEOA F¯EVA8VDG: 
Ü?9G@9FFV> :9?V?9D8V F4?84G (SNA) :ÝA9 °EOAOE :¯=9?9DV (RecSys).

�EO @4�E4F 4OEOA84, 5VDVALV89A, SNA-AO§ A97V;V 5B?OC F45O?4FOA �D4HF4D F9BD<OEOA :ÝA9 BDF4?O�FO�FO í?L9G 
Ý8VEF9DVA @9§79DFG >í;89?98V. �±? Ý8VEF9D79 �D4?O� BDF4?O�FO�FO (Betweenness Centrality) :9?V897V ">íCVD" A9@9E9 
"89?84?" D9FVA89 F¯EVA8VDG, EBA84=-4� �9ALV>FV 69>FBD?O� BDF4?O�FO�FO§ (Eigenvector Centrality) "@4§O;8O 484@84D@9A 
54=?4AOEFO 5B?G" CD<AJ<CVA F4?84G >VD98V.

%BAO@9A �4F4D, PageRank 4?7BD<F@VA, BAO§ ">9;89=EB� E9DH9D" @B89?VA :ÝA9 �9@C<A7 H4>FBDOA (d) F¯EVAG 
�4D4EFODO?48O. �>VALV89A, 8ÝDVE °EOAOE :¯=9?9DVAV§ A97V;7V @VA89FVA :ÝA9 �4D4C4=O@ Ý8VEF9DVA ;9DFF9G79 
54�OFF4?�4A.

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


�57V77V EµD4�F4D

Ü?9G@9FFV> :9?V?9D8V F4?84G (SNA) @9A °EOAOE :¯=9?9DV (RecSys) 4D4EOA84 �4A84= 4=OD@4LO?O� 54D?1.
�D4H 8979AV@V; A9? "&¯=VA" (Node) @9A "�45OD�4" (Edge) ±�O@84DOA4 @OE4? >9?FVDV§V;.2.
�D4?O� BDF4?O�FO� (Betweenness Centrality) A9?V>F9A "89?84?8O�" 89C 4F4?48O?3.
PageRank @9ALV>FV 69>FBD?O� BDF4?O�FO�F4A A9EV@9A 9D9>L9?9A98V (�4GOEFO 5í?G)?4.
°EOAOE :¯=9?9DVA89 "�4=84?4AGLO-�OE4A @4FD<F4EO" A9 ¯LVA �B?84AO?48O :ÝA9 B? A9?V>F9A "E<D9>" (sparse) 
5B?OC >9?98V?

5.

�VD?9E>9A E¯;7V?9G897V (Collaborative Filtering) "�4=84?4AGLO�4 A97V;89?79A" :ÝA9 "�OE4A�4 A97V;89?79A" Ý8VEF9D8V§ 
4=OD@4LO?O�O A989?

6.

"%4?�OA 54EF4G" (Cold Start) @ÝE9?9EV 8979AV@V; A9 :ÝA9 B? �4L4A FGOA84=8O?7.
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�4=?4AOE�4A Ý?5@4V F4?44G

�V;8V§ ;4@4A4G< J<HD?O� í@VDV@V; FB?O�O@9A :9?V?9D79 A97V;89?79A. X (Twitter) :ÝA9 LinkedIn :9?V?9DVA897V 54=?4AOEF4D, 
Netflix C9A YouTube-F97V 6<89B µEOAOEF4DO, Amazon-84�O F4G4D?4D 3 BEOAO§ 54D?O�OAO§ A97V;VA89 9>V VD79?V F9IAB?B7<O 
:4FOD:

Ü?9G@9FFV> :9?V?9D8V F4?84G (SNA)
�84@84D @9A <89O?4D8O§ �µDO?O@OA :ÝA9 
O�C4?OA F¯EVAG. "�µ? :9?V897V 9§ @4§O;8O Fµ?�4 
>V@?", "��C4D4F �4?4= F4D4?48O?"

°EOAOE :¯=9?9DV (RecSys)
%B? :9?V897V @VA9;-�µ?O�FO F4?84G 4D�O?O 
C4=84?4AGLOAO§ �4?4G?4DOA 5B?:4G. "�µ? 484@�4 
>9?9EV89 A9 µA4=8O?"

�µ? 9>V E4?4 5VD-5VDV@9A FO�O; 54=?4AOEFO :ÝA9 ;4@4A4G< <AF9DA9FFV§ �B;�4?F�OLO 5B?OC F45O?48O.
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Ü?5G@5FFV> 65?V?5D4V F4?44G (SNA)

SNA 3 5µ? Ý?9G@9FFV> �µDO?O@84D8O ;9DFF9G ¯LVA 7D4HF4D F9BD<OEOA �B?84A4FOA CÝA. Ü?9G@9FFV> :9?V 3 5µ? 
@4F9@4F<>4?O� FµD�O84A 7D4H G = (V, E) D9FVA89 E<C4FF4?4FOA �µDO?O@:

&¯=VA89D (Nodes/Vertices, V)
�9?V897V AOE4A84D. �OE4?O: X-F97V C4=84?4AGLO?4D, 
�4?O@84D, 695-C4D4�L4?4D.

�45OD�4?4D (Edges/Links, E)
&¯=VA89D 4D4EOA84�O 54=?4AOE. �OE4?O: "8BEFO�" 
(Facebook), "B�G" (following, X), "EV?F9@9" (Web).

�4�OFF4?�4A (Directed) 7D4D: �4=?4AOEFO§ 54�OFO @4§O;8O (@OE4?O, X-F9 A C4=84?4AGLOEO B-AO B�<8O, 5VD4� B A-AO 
B�O@4GO @¯@>VA).

�4�OFF4?@4�4A (Undirected) 7D4D: �4=?4AOE 9>V:4�FO (@OE4?O, LinkedIn-897V "54=?4AOE").

SNA-84�O 54EFO EµD4�: "�EO 7D4HFO§ VLVA897V 9§ @4§O;8O A9@9E9 BDF4?O� F¯=VA �4=EOEO?" �VD4� "@4§O;8O?O�" ÝDF¯D?V 
5B?GO @¯@>VA. �AO í?L9G ¯LVA BDF4?O�FO� (centrality) í?L9@89DV �B?84AO?48O.
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�D4?O� >DF4?O�FO� (Betweenness Centrality)

�µ? EV;8V§ EµD4AOEO§O;84�O "�98<4F<O BDF4?O�O" µ�O@OA4 :4�OA, O�A< "89?84?8O�" A9@9E9 "4D4?O�F4 5B?G" 8979A8V 5V?8VD98V.

&¯=VAAV§ @4§O;8O?O�O BAO§ :9?V897V 4�C4D4F 4�OAOA84 ">íCVD" A9@9E9 "89?84?" D9FVA89 �O;@9F 9FGV@9A í?L9A98V. �79D F¯=VA >íCF979A 54E�4 F¯=VA89D8V§ 4D4EOA84�O 
54=?4AOE :B?OA84 :4FE4, BAO§ @4§O;8O?O�O :B�4DO.

&5EA<>4?O� 4AO�F4@4: �µ? F¯=VA :9?V897V 54D?O� 54E�4 F¯=VA :µCF4DOAO§ 4D4EOA84�O 9§ �OE�4 :B?84D84 (shortest paths) �4AL4?O�FO :<V BDA4?4E4FOAOA 9E9CF9=8V.

$BD@G?4 (�BAF5CFG4?4O):

C  (Ç) =B   

s=Ç=tà à

3
Ã  st

Ã  (Ç)st

�µA84:

Ãst 3 s F¯=VAVA9A t F¯=VAVA9 89=VA7V 54D?O� 9§ �OE�4 :B?84D8O§ :4?CO E4AO.
Ãst(Ç) 3 s-F4A t-�4 89=VA7V EB? 9§ �OE�4 :B?84D8O§ Ç F¯=VAV 4D�O?O íF9FVA E4AO.

�5=LV>FV 65>F>D?O� >DF4?O�FO� (Eigenvector Centrality)

�4§O;8O?O� F9> 54=?4AOE E4AO@9A í?L9A59=8V. %V;8V§ @4§O;8O?O�O§O; 3 EV; 54=?4AOE�4A 484@84D8O§ @4§O;8O?O�OA4 FÝG9?8V.

&5EA<>4?O� 4AO�F4@4: �µ? D9>GDE<6FV 4AO�F4@4. Ç F¯=VAVAV§ BDF4?O�FO�O (xÇ) BAO§ 54D?O� >íDLV?9DVAV§ (N(v)) BDF4?O�FO�F4DOAO§ (xt) �BEOA8OEOA4 CDBCBDF<BA4?.

x  =Ç   x  

»

1

t*N(Ç)

3 t

�µA84 » 3 FµD4�FO E4A (9§ ¯?>9A @9ALV>FV @ÝA). �µ? 9E9C Ax = »x F¯DVA897V @9ALV>FV 69>FBD @ÝE9?9EVA L9LG79 >9?VC FVD9?98V, @µA84 A 3 7D4HFFO§ VD79?9EFV> @4FD<F4EO 
(adjacency matrix).

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


PageRank

PageRank 3 5µ? Google-8O§ A97V;VA �4?4GLO?4DO �4DD< �9=8: 59A !9D79= �D<A Ý;VD?979A, @9ALV>FV 69>FBD?O� BDF4?O�FO�FO§ 4DA4=O :ÝA9 íF9 F4AO@4? 5VD F¯DV. �? 
54EF4C�O84 695-C4D4�L4?4D8O D4A7F9G (8ÝD9:9?9G) ¯LVA 54�OFF4?�4A 7D4HF4D�4 (directed graphs) 4DA4?�4A.

PageRank-FV§ A97V;7V CD<AF<CF9DV

1 "�4GOE 59DG"
A C4D4�L4EOA4A B C4D4�L4EOA4 EV?F9@9 3 5µ? A-
AO§ B ¯LVA 59D79A "84GOEO".

2 �4GOEFO§ E4?@4�O ( 9>GDE<O)
�B�4DO PageRank-V 54D (@4§O;8O) C4D4�L484A 
>9?79A 84GOEFO§ E4?@4�O, Fí@9A PageRank-V 54D 
C4D4�L484A >9?79A 84GOEF4A Ý?89�4=84 
:B�4DO. �µ? 3 @9ALV>FV 69>FBD?O� 
BDF4?O�FO�C9A µ�E4E :9DV.

3 �4GOEFO 5í?G ( 4§O;8O 4=OD@4LO?O�)
�79D @4§O;8O A C4D4�L4EO 10 54E�4 C4D4�L4�4 
EV?F9@9 :4E4E4, B? í;VAV§ "@4§O;8O?O� 
84GOEOA" EB? 10 C4D4�L4�4 F9§89= 5í?VC 59D98V. 
�79D B? F9> 5VD �4A4 B C4D4�L4EOA4 EV?F9@9 
:4E4E4, B C4D4�L4EO BAO§ 54D?O� 84GOEOA 
4?48O.

"�9;89=EB� E9DH9D" @B89?V (Random Surfer Model)

PageRank-FV F¯EVAG8V§ 9§ B§4= :B?O: �AF9DA9FF97V >9;89=EB� C4=84?4AGLOAO 9?9EF9FV§V;. �? 5VD C4D4�L484A 9>VALVEVA9 EV?F9@9?9D 4D�O?O FB�F4GEO; E9>VD98V. PageRank 3 
5µ? BEO ">9;89=EB� E9DH9D8V§" 59?7V?V 5VD G4�OF @9;9FVA89 >9; >9?79A C4D4�L484 5B?GOAO§ O�F<@4?8O�O. �íCF979A @4§O;8O EV?F9@9?9D 4?4FOA C4D4�L4?4D�4 E9DH9D 
:<V F¯E98V.

"&µ=O��4 FVD9?G" @ÝE9?9EV :ÝA9 �9@C<A7 H4>FBDO (d)

�79D E9DH9D EV?F9@9EV :B� C4D4�L4�4 (Fµ=O�) F¯EE9 A9@9E9 F9> 5VD-5VDVA9 EV?F9@9 :4E4=FOA C4D4�L4?4D FB5OA4 (F<>?) F¯EVC �4?E4 A9 5B?48O? �? EB? :9D89 "@Ý§7V" �4?OC 
�BO8O.

�µ? :9D89 �5<?<=7 D4>F>@O= (d) C4=84?4A4@O;, Ý89FF9 d = 0.85.

!9DH9D 85% O�F<@4?8O�C9A C4D4�L484�O >9;89=EB� EV?F9@9AV 54E48O, 4? 15% O�F<@4?8O�C9A B? ":4?O�48O" 84, <AF9DA9FF97V >9; >9?79A 54E�4 C4D4�L4�4 "F9?9CBDF 
:4E4=8O".

�µ? Ý8VE Fµ=O�F4D84A LO�G�4 >9CV?8V> 59D98V :ÝA9 ÝD5VD C4D4�L4AO§ @<A<@4?8O PageRank @ÝAV 5B?GOA �4@F4@4EO; 9F98V.
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°AOAOA :¯=9?9@V (Recommender Systems)

°EO=OE 6¯=5?5DV 3 5±? C4=84?4AGLO?4D8O§ �O;O�GLO?O�F4DOA 5B?:4G 4D�O?O B?4D�4 9§ EÝ=>9E >9?9FVA AOE4A84D8O (items) (@OE4?O, H<?P@89D, F4G4D?4D, @G;O>4) ±EOA4FOA 
4?7BD<F@89D.

�97V;7V @ÝA9?9: �4=84?4ACLO-�OA4A @4B@<F4AO (User-Item Matrix)

�4D?O� ±EOAOE :¯=9?9DVAV§ A97V;VA89 BEO ¯?>9A @4FD<F4 :4FOD.

�B?84D = �4=84?4AGLO?4D (@OE4?O, 10 @<??<BA)
�4�4A84D = �OE4A84D (@OE4?O, 1 @<??<BA H<?P@)
°OLO�F4D = �4=84?4AGLOAO§ AOE4A�4 �B=�4A 54�4EO (@OE4?O, 1-89A 5->9 89=VA) A9@9E9 �4D4�4AO/�4D4@4�4AO (0/1).

�±? @4FD<F4 ÝD�4L4A íF9 E<D9> (sparse) 5B?48O, E9595V 5VD 484@ 54D?O� 1 @<??<BA H<?P@8V >íD9 4?@4=8O. �4FD<F4AO§ 99.9%-84A 4EF4@O 5BE ("?") 5B?48O. °EOAOE :¯=9EVAV§ @VA89FV 3 
BEO 5BE ±OLO�F4D8O ("?") 5B?:4G.

�4@4?4=O@ Ý8VAB9@

�6FB@4FFO 9@9E >GD4FBD?O�
°EOAOEF4D8O 4DA4=O E4D4CLO?4D (D984>FBD?4D, >GD4FBD?4D) �B?@9A :4E4=8O. 
�OE4?O: Spotify-84�O " 984>FBD F4§84GO" C?9=?<EFV, Netflix-FV§ 54EFO 59FVA897V "�4§4 
:ÝA9 F4AO@4?" (>í5VA9 �B?@9A F4§84?48O), :4§4?O�F4D E4=FOAO§ "�4EFO :4§4?O�" 
5í?V@V.

&4AO@4?8O?O��4 A97V;89?79A µEOAOEF4D
�§ �4D4C4=O@ 46FB@4FF4A8ODO?�4A Ý8VE. �4D?O� C4=84?4AGLO�4 5VD89=, 9§ F4AO@4? 
(>íC �4D4?�4A, >íC E4FOC 4?OA�4A, :B�4DO 54�4?4A�4A) AOE4A84D8O ±EOAG. �OE4?O: 
YouTube-F4�O "&D9A8F9" (Trending) 5í?V@V, Netflix-F97V "�4;4�EF4A84�O &BC-10", X/Twitter-897V 
"�>FG4?P8O F4�ODOCF4D".

�V@?9A>9A A¯;7V?9C (Collaborative Filtering, CF)

�±? 3 ±EOAOE :¯=9?9DVA897V 9§ @4§O;8O :ÝA9 >9§ F4D4?�4A Ý8VE. "�4�4A @9A E<O�FO 54E�4 484@84D�4 ±A4�4A AÝDE9?9D8V ±EOA". �±? Ý8VE AOE4AAO§ @4;@±AOA4 (HV?P@AV§ :4ADO, >VF4CFO§ 
@ÝFVAV) �4D4@4=8O. �? F9> �4=84?4AGLO-�OE4A @4FD<F4EOA84�O @VA9;-�±?O��4 (54�4?4G, E4FOC 4?G) E¯=9A98V.
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1. �4=84?4AGLO�4 A97V789?79A CF (User-based CF)

°�E4E C4=84?4AGLO?4D8O F45G. %V;79 (�?<E4) 9§ ±�E4E C4=84?4AGLOAO (@OE4?O, �4GOD:4A) F45G. °�E4EFO� B?4D8O§ �4=84?4AGLO-�OE4A @4FD<J4EOA84�O 
69>FBD?4DOAO§ (O�A<, B?4D8O§ 54�4?4DOAO§) ±�E4EFO�O 4D�O?O 9E9CF9?98V (@OE4?O, �BE<AGEFO� ±�E4EFO� A9@9E9 �<DEBA >BDD9?OJ<OEO).

1.

°EOAOE :4E4G. �4GOD:4A :B�4DO 54�4?4�4A (@OE4?O, "Inception" H<?P@VA9 5 :±?8O;), 5VD4� �?<E4 Ý?V >íD@979A H<?P@89D8V �?<E4�4 ±EOAG. �B?:4@ 
�4GOD:4AAO§ (:ÝA9 54E�4 84 ±�E4E C4=84?4AGLO?4D8O§) 54�4?4DOAO§ BDF4L4 E4?@4�F4?�4A @ÝAV D9FVA89 9E9CF9?98V.

2.

2. �OE4A�4 A97V789?79A CF (Item-based CF)

�±? Ý8VEFV (Amazon F4AO@4? 9F>9A) @ÝE9?9AV >9DVEVAL9 L9L98V: C4=84?4AGLO?4D8O 9@9E, AOE4A84D8O E4?OEFOD48O.

°�E4E AOE4A84D8O F45G. �79D "%" HV?P@V @9A "Y" HV?P@VA9 54D?O� C4=84?4AGLO?4D ±�E4E 54�4 59DE9 (O�A<, %-FO ±A4F�4A84D Y-FO 84 ±A4F48O, %-FO 
±A4FC4�4A84D Y-FO 84 ±A4FC4=8O), 5±? 9>V HV?P@ "±�E4E" 5B?OC E4A4?48O. �±? ±�E4EFO� @4FD<J484�O 54�4A84D8O E4?OEFODG 4D�O?O 9E9CF9?98V.

1.

°EOAOE :4E4G. �79D EV; "�QF@9A: �4EF4@4" HV?P@VA9 :B�4DO 54�4 59DE9§V;, :¯=9 EV;79 B�4A "±�E4E" (O�A<, 54E�4 C4=84?4AGLO?4D 84 5VD79 :B�4DO 54�4?4�4A) 
"�4D4 E9DV" HV?P@VA ±EOA48O.

2.

"%4?�OA 54EF4G" (Cold Start) @ÝE9?9EV

�VD?9E>9A E¯;7V?9G8V§ (CF) 9§ ¯?>9A Ý?EV;8V7V 3 "E4?�OA 54EF4G" @ÝE5?5EV:

�4§4 C4=84?4AGLO
�¯=979 :4§4 C4=84?4AGLO FVD>9?8V. �AO§ 9L�4A84= 54�4EO (F4D<IO) 
:B�. �¯=9 B�4A ±�E4E C4=84?4AGLOAO 84 F454 4?@4=8O, BAO§ A9 
±A4F4FOAOA 84 5V?@9=8V.

�4§4 AOE4A
�?4FHBD@4�4 :4§4 HV?P@ �BEO?8O. �AO 9L>V@ Ý?V 54�4?4@48O. CF 5±? 
HV?P@8V 9L>V@79 ±EOA4 4?@4=8O, E9595V BAO§ 54E�4 AOE4A84D�4 
"±�E4EFO�O" 59?7VEV;.

�EO @ÝE9?9?9D8V L9LG ¯LVA F4AO@4?8O?O��4 A97V;89?79A (:4§4 �B?84AGLO�4 &BC-10 >íDE9FG) :ÝA9 >9?9EV 5í?V@897V Ý8VEF9D �B?84AO?48O.
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�ÝDVEFV @5§75DG75 4DA4?�4A 54�O?4G EµD4�F4DO

Ü?9G@9FFV> :9?V?9D8V F4?84G (SNA) @9A °EOAOE :¯=9?9DV (RecSys) 4D4EOA84 �4A84= 4=OD@4LO?O� 54D?1.
�D4H 8979AV@V; A9? "&¯=VA" (Node) @9A "�45OD�4" (Edge) ±�O@84DOA4 @OE4? >9?FVDV§V;.2.
�D4?O� BDF4?O�FO� (Betweenness Centrality) A9?V>F9A "89?84?8O�" 89C 4F4?48O?3.
PageRank 4?7BD<F@VA89 "�9@C<A7 H4>FBDO" (d) A9 ¯LVA �4:9F?4.
°EOAOE :¯=9?9DVA89 "�4=84?4AGLO-�OE4A @4FD<F4EO" A9 ¯LVA �B?84AO?48O :ÝA9 B? A9?V>F9A "E<D9>" (sparse) 
5B?OC >9?98V?

5.

"�OE4A�4 A97V;89?79A" �VD?9E>9A E¯;7V?9G (Item-based CF) �4?4= :±@OE VEF9=8V?6.
"%4?�OA 54EF4G" (Cold Start) @ÝE9?9EV 8979AV@V; A9 :ÝA9 B? �4L4A FGOA84=8O?7.
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