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models overview

— random graph models for reasoning about network structure
node mixing [New02], scale-free [BA99] and small-world [WS98] networks
— generative models for reasoning also about network evolution
node aging [HS05], densification laws and shrinking diameters [LKF07]

— next realistic generative models of paper citation networks
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models forest fire

— G(n, p) forest fire model [LKFO07]
— each new node i forms links as follows

1. i selects random ambassador a and links to a
2. i selects x,, neighbors ay, ..., a,, and links to a;
3. a1,...,ax, are taken as new ambassadors of i

*p is burning probability & x, from geometric distribution G( 1Tpp)
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models dynamics

— G(n, p) author dynamics model [LKFO07]
— each new paper i forms citations as follows

1. i selects random read paper a and cites a
2. i selects x, references ai, ..., ay, and cites a;
3. a1,...,ay, are taken as new reading for i

— then authors read all cited papers (vice-versa)
— but only ~ 20% of cited papers are read [SR03]
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models citation

— G(n,p.q) citation model [SB13]
— each new node i forms links as follows
1. i selects random ambassador a as before

2. i selects x,, neighbors ay, ..., a,, as before
3. i selects x, neighbors I, ..., I, and links to /;
4. a1,...,ay, are taken as new ambassadors of |

1.q is linking probability & xq from geometric distribution G %7)
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models undirected

L citation model [SB13] A & L arbitrary

copying model [KR0O5] A

N

i

A is set of ambassadors & L is set of linked nodes



models comparison

— all models generate modular scale-free/small-world networks

— only citation model generates degree disassortative networks

AAAAAAAAAL

E @ Forest Fire & | ® ForestFire ® Forest Fire ® Forest Fire
<,b = Buterfly 2% |8 Buterily _6f = Butterfl .l ® Butterfly
5" [V Copying Foek VY Copying” YV wyyy oV Sl ¥ Copying 5°°F v Copying
Sop 4 Citation 5 4 Citation v 2,0 A Citation £,.f 4 Cili
3 E g

s v EM z £
+ Y A S E Yuay 02
H A0 % o = 8" vyvy
FepTTiant E 5! Ssy [Nttt
s E02] Ztvvy [} 8 v
Zap4 5 YVvvyy AAAAALL,

4 02 AAAAL A
am z ZuAuquHxx“. ahA b4
[ ] N a—)
Buming probability p Burning probability p

uEe o | ® ForestFire [ @ Forest Fire 03F @ Forest Fire
<pb = % | ® Buterlly _6F B Butterfly ool @ Butterfly
3 by LE06r ¥ Copyin, zuf ¥ Copying ="°F ¥ Copying
Eof 4 5 [ 4 Citation .0 4 Ciation £} 4 Ciwtion
3 E] 2 £ b1
s S Zu .
: < 2 couns| ufBEIIIIIIIIRgg0es
E H 5. -3 n v
3 £n 39 2

z

vy
aa v
‘AAAAAAAAAXXX],

&

w
HIVYVVVYN

CEa— [T
Linking probability ¢

E T T
Linking probability ¢

6/10 © Lovro Subel

§shaded regions show likely parameter values [LJT+11]
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models examples

— modeling of Cora citation network [MNRS00]

degree (k)
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modeling of arXiv citation network [LKF05]
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models directed

forest fire model [LKFO7]

random walk model [V4z03]

ﬂpfwd/pbck are burning probabilities & qamp/qjnk are linking probabilities
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models examples

— modeling of WoS citation network [SZB14]

model degree (k) power-law mixing r clustering C
forest fire 7.88 2.51 2.45 0.13 0.17 0.40 0.52
random walk 7.91 2.61 4.68 0.07 0.00 0.11 0.13
citation 7.97 2.58 3.31 0.12 0.01 0.11 0.13

8.05 2.47 3.35 0.06 0.07 0.11 0.14

In-degree distibution . Out-degree distribution  Degree-corrected clustering distribution Degree mixing
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models applications

— evolution/comparison of WoS citation network [SZB14]

paper citation paper study paper discovery by
period # cites % copied # reads % cited % papers % services % others
1970-1980  2.23 52.1% 339 335% 41.4% 0.0% 58.5%
1080-1990  2.62 65.1% 2.96 33.0% 48.3% 1.1% 50.6%
1990-2000  3.42 81.6% 2.38 29.0% 40.3% 23.2% 36.5%
2000-2010 | 5.06 83.6% 2.90 32.2% 40.7% 27.5% 31.7%
paper citation paper study paper discovery by
field # cites % copied # reads % cited % papers % services % others
theory 2.93 79.7% 1.47 45.2% 74.7% 0.5% 24.9%
Al 4.52 87.3% 1.47 40.9% 25.8% 47.6% 26.6%
software 2.78 81.5% 1.58 36.4% 68.8% 2.0% 29.2%
cybernetics 2.18 69.6% 1.59 43.2% 24.5% 37.8% 37.6%
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