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How are these systems organized?
with respect to the flow?



How are these systems organized?
with respect to the flow?



Networks
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GoogleMaps for networks





Maps
depict regularities

in the dynamics on networks
using less information



Maps
depict regularities

in the dynamics on networks
using less information



Finding regularities⇐⇒Compression
5.8MB (tiff)→ 0.91MB (tiff + LZW)

5.8MB (tiff)→ 2.8MB (tiff + LZW)



If we can find a good code
for describing flow on a network,

wewill have solved the dual problem
of finding the important structures

with respect to that flow



Weuse amodular code structure
that can exploit regions in the network
in which units of flow tend to stay

for a relatively long time



Two-level partitions

Howmanymodules are present? Andwhich
nodes aremembers of whichmodules?
Maximal compression of flowwith constraints:
1. Modular code structure
2. Nomore than two levels
3. Each node can only belong to onemodule



Two-level partitions with themap equation

Howmanymodules are present? Andwhich
nodes aremembers of whichmodules?
Maximal compression of flowwith constraints:
1. Modular code structure
2. Nomore than two levels
3. Each node can only belong to onemodule



Two-level partitions with themap equation

L(M) = qyH(Q) +
m∑
i=1

pi�H(P i)



Two-level partitions with themap equation
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Multilevel partitions
Into howmany hierarchical levels is a given
network organized? Howmanymodules are
present at each level? Andwhich nodes are
members of whichmodules?
Maximal compression of flowwith constraints:
1. Modular code structure
2. Nomore than two levels
3. Each node can only belong to onemodule



Multilevel partitions with themap equation
Into howmany hierarchical levels is a given
network organized? Howmanymodules are
present at each level? Andwhich nodes are
members of whichmodules?
Maximal compression of flowwith constraints:
1. Modular code structure
2. Nomore than two levels
3. Each node can only belong to onemodule
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Overlapping partitions
Howmanymodules are present? Which nodes
aremembers of whichmodules? Andwhich
nodes should belong tomultiple modules and to
what degree?
Maximal compression of flowwith constraints:
1. Modular code structure
2. Nomore than two levels
3. Each node can only belong to onemodule



Overlapping partitions with themap equation
Howmanymodules are present? Which nodes
aremembers of whichmodules? Andwhich
nodes should belong tomultiple modules and to
what degree?
Maximal compression of flowwith constraints:
1. Modular code structure
2. Nomore than two levels
3. Each node can only belong to onemodule



Overlapping partitions with themap equation

BA

2
211

L(M) = qxH(Q) +

{
p1�H(P1)

p2�H(P2)
= 2.86 bits.

︸ ︷︷ ︸
0.13 bits

︸ ︷︷ ︸
2.73 bits

L(M) = qxH(Q) +

{
p1�H(P1)

p2�H(P2)
= 2.67 bits.

︸ ︷︷ ︸
0.063 bits

︸ ︷︷ ︸
2.61 bits





Memory networks capture real organization
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Multilevel and overlapping partitions
Into howmany hierarchical levels is a given
network organized? Howmanymodules are
present at each level? Which nodes aremembers
of whichmodules? Andwhich nodes should
belong tomultiple modules and to what degree?
Maximal compression of flowwith constraints:
1. Modular code structure
2. Nomore than two levels
3. Each node can only belong to onemodule



Multilevel and overlapping partitions with themap. . .
Into howmany hierarchical levels is a given
network organized? Howmanymodules are
present at each level? Which nodes aremembers
of whichmodules? Andwhich nodes should
belong tomultiple modules and to what degree?
Maximal compression of flowwith constraints:
1. Modular code structure
2. Nomore than two levels
3. Each node can only belong to onemodule
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Mapping change in science

Molecular &
cell biology

Medicine

Oncology

Psychiatry

Neurology
Psychology
Nephrology

Molecular &
cell biology

Medicine

Neuroscience

Oncology

Psychiatry

Urology

Infectious
diseases

Psychology
Nephrology

2001 2003 2005 2007

Rosvall & Bergstrom (2010)



What is real change
andwhat is mere noise?
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Mapping change in science
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Mapping change in the federal fundsmarket
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Mapping change in the federal fundsmarket
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Resampling effects
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Resampling effects on ranking
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Resampling effects on clustering
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