AT K

Karlsruher Institut fur Technologie

Praktikum — Beating the Worst Case

Jean-Pierre von der Heydt und Marcus Wilhelm | 29.11.2023

KIT — Die Forschungsuniversitat in der Helmholtz-Gemeinschaft www.kit.edu



Generierte Graphen Echtwelt-Graphen

. . , , Verhalten sich die Echtwelt-Graphen
Wie gUt funktionieren die Algorlthmen auf ahnlich wie die generierten Graphen?

den neuen Graphen?

Wie sieht es mit der Heterogenitat und
Lokalitat der Graphen aus?

Wie sehen Graphen mit hoher Hetero- Konnt ihr herau_sfinden, wie wir die
genitat und geringer Lokalitat aus? Graphen generiert haben?



Modelle fur komplexe Netzwerke

Ziel: Modellieren und Erklaren der Eigenschaften
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Geometric Random Graph (Hyperbolic)

sample vertices uniformly in
geometry, connect if distance

below threshold GIRG
GRG x IRG
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https://thobl.github.io/hyperbolic-unit-disk-graph/
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Auswertung von veschiedenen Graphen
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Auswertung von veschiedenen Graphen

® Erd6s—Reényi: Lokalitat und Heterogenitat?
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Auswertung von veschiedenen Graphen

m Stochastic Block Model?

Bi-BFS Vertex Cover
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m Stochastic Block Model?
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® Random Unit Disc?
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Auswertung von veschiedenen Graphen
a Grid Graphs?
Bi-BFS Vertex Cover
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m Regular Graph?
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Auswertung von veschiedenen Graphen

a Watts—Strogatz Graph?
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Auswertung von veschiedenen Graphen

a Watts—Strogatz Graph?

Bi-BFS Vertex Cover
- -
0.6- * \ ?_W't,r\] 0.6- * \ kernel/n
=m=X 1.00
Eo 4 - f 0.8 "? 0.4 y 0.75
© "™ © )
J o ‘* 06 8 o ’ 0.50
- -
0.2- 0.4 0.2- 0.25
, ‘ . I N 0.00
0.0 . 0.04
2 i N
Heterogeneity Heterogeneity

4 Marcus, Jean-Pierre — Beating the Worst-Case Institut fir Theoretische Informatik, Skalierbare Algorithmen m



AT

Auswertung von veschiedenen Graphen

® Preferential Attachment?
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Auswertung von veschiedenen Graphen
a GIRGs?
® Hangt von den Parametern ab!
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Overview: GIRGs and HRGs A“(IT

Geometric inhomogeneous random graph (GIRG) Geomelric inhomogeneous random graphs
. . . . [Bringmann, Keusch, Lengler, 2019]

m weights wy, . .., w, (typically power-law distributed)

m random positions for the vertices (d-dimensional ground space)
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Geometric inhomogeneous random graph (GIRG) Geometric inhomogeneous random graphs
. . ) . [Bringmann, Keusch, Lengler, 2019]
m weights wy, ..., w, (typically power-law distributed)
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Popularity—similarity
Popularity versus similarity in growing networks
[Papadopoulos, Kitsak, Serrano, Boguna, Krioukov 2012]
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Popularity—similarity
Popularity versus similarity in growing networks
[Papadopoulos, Kitsak, Serrano, Boguna, Krioukov 2012]

Hyperbolic random graphs (HRG)

Hyperbolic geometry of complex networks
[Krioukov, Papadopoulos, Kitsak, Vahdat, Boguha 2010]

® random positions in hyperbolic space
® connect vertices that are sufficiently close O R M
® more or less a special case of GIRG 0 1
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Popularity—similarity
Popularity versus similarity in growing networks
[Papadopoulos, Kitsak, Serrano, Boguna, Krioukov 2012]

Hyperbolic random graphs (HRG)

Hyperbolic geometry of complex networks
[Krioukov, Papadopoulos, Kitsak, Vahdat, Boguha 2010]

® random positions in hyperbolic space
® connect vertices that are sufficiently close
® more or less a special case of GIRG
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Geometric inhomogeneous random graph (GIRG) Geometric inhomogeneous random graphs
. . . . [Bringmann, Keusch, Lengler, 2019]

m weights wy, ..., w, (typically power-law distributed)

m random positions for the vertices (d-dimensional ground space)

m edge {u, v} if dist(u, v)9 < aw,w, /n

connect if sufficiently close connection probability proportional to w,w,
: . similarit
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m random positions for the vertices (d-dimensional ground space)

m edge {u, v} if dist(u, v)9 < aw,w, /n
connect if sufficiently close connection probability proportional to w,w,

L] [} L] OO\ O
A O 1Y
imilari £83, & IR
20 Q0 WYL EF 00
e ° .9 o ' 158%
% &\ ¥ & 3
.g. b, O ) QO e,2,030,
AR QB

Popularity—similarity
Popularity versus similarity in growing networks
[Papadopoulos, Kitsak, Serrano, Boguna, Krioukov 2012]

Hyperbolic random graphs (HRG)

Hyperbolic geometry of complex networks
[Krioukov, Papadopoulos, Kitsak, Vahdat, Boguha 2010]

® random positions in hyperbolic space
® connect vertices that are sufficiently close
® more or less a special case of GIRG
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Geometric inhomogeneous random graphs (GIRG) — Details  ==2L50%%

Weights and positions
® random weights in [1, co) with PDF f(x) = cx™7 or deterministic power-law weights

= typical ground space: d-dimensional torus [0, 1]¢ with max-norm
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Geometric inhomogeneous random graphs (GIRG) — Details  ==2L50%%

Weights and positions
® random weights in [1, co) with PDF f(x) = cx™7 or deterministic power-law weights

= typical ground space: d-dimensional torus [0, 1]¢ with max-norm

Threshold case (temperature = 0)

o {u, v} € Eifdist(u, v)? < g%t

u it follows: Pr[{u, v} € E | wy, w,] = Pr [dist(u, v) < {/a%el] ¢ ©(*ut)
mthus: E [deg(v)] c @(Wv) (formal argument works as for IRGs)
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Geometric inhomogeneous random graphs (GIRG) — Details  ==2L50%%

Weights and positions
® random weights in [1, co) with PDF f(x) = cx™7 or deterministic power-law weights

= typical ground space: d-dimensional torus [0, 1]¢ with max-norm

Threshold case (temperature = 0)
o {u, v} € Eifdist(u, v)? < g%t
m it follows: Pr[{u, v} € E | wy, w,] = Pr [dist(u, v) < ¢/a%e™] ¢ ©(%eis)

mthus: E [deg(v)] ~ @(WV) (formal argument works as for IRGs) 1

Temperature > 0 § \ T=0

= additional parameter T € (0, 1) T ;z Q

® connection probability p,, = min< 1, (W : aW“nWV) } E ol |
distance

® interpolate between high locality (T = 0) and low locality (T — 1)
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GIRG Parameters

Two parameters
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Two parameters
® power-law exponent T

® temperature T
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Two parameters
® power-law exponent T

® temperature T

7 Marcus, Jean-Pierre — Beating the Worst-Case

1.00

0.75

locality
o
o
o

0.25

0.00

AT

Karlsruher Institut fur Technologie

Network Model
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heterogeneity

On the external validity of average-case analyses
of graph algorithms [B., Fischbeck 2022]
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GIRG Parameters
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heterogeneity =
geometric -~ hyperbolic
- GIRG
l T
G(n, m) T IRG
G(n, p) config
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Wie geht’s weiter?

Nachste Woche

m stellt eure Arbeit zu Ubungsblatt 2 vor
® 5 Minuten, mit Slides (z.B. als PDF)

® Plots bitte mit Achsenbeschriftung!

Ubungsblatt 3

m einen weiteren Algorithmus untersuchen

® Code und Workflow optimieren / aufraumen
m Zeitrahmen: nur eine Woche

AnschlieBend: Projekt
m Ziel: Forschungsfrage untersuchen und beantworten
m Prasentation und schriftl. Ausarbeitung
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