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¥ 32 & P (Branches of Physics) :

% 8 $» 7 Condensed Matter Physics
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(Interdisciplinary Research Topics):
o4 3 #3 (Biotechnology)

*% ¥ # 3 (Nanotechnology)
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Pareto Law (1896)
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FIG. 2. Distribution of the total money income of 216x 10°
people 1 USA 1 2000, The left and right panels show (on loga-
rithmic axes) the cumulative frequency distributions (binned) in the
lower and upper tails, respectively, suggesting power laws (un-
binned income data are not available).
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What is a Complex System (3F & % $)?
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4p % (Phase Transition)
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Complex Networks (AF fe 3 &)

In the context of network theory, a complex
network Is a network (graph) with non-trivial
topological features—features that do not occur In
simple networks such as lattices or random graphs.

The study of complex networks is a young and
active area of scientific research inspired largely by
the empirical study of real-world networks such as
computer networks and social networks.



http://en.wikipedia.org/wiki/Network_theory
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Internet as measured by Hal Burch and Bill Cheswick's Internet Mapping Project.
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Freshwater food web by Neo Martinez and Richard Williams
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C. elegans neurons




Network of actor co-starring in movies




= B 4 & (Six Degrees of Separation)



http://upload.wikimedia.org/wikipedia/en/7/72/6degreesdvd.jpg

= B 4 & (Six Degrees of Separation)
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Political Districting Problem
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Motivation —

The 2008 Legislature Election in Taiwan adopted a
new districting system. Each voter can only vote for
the legislator of his/her district.

Example: Taipel consists of 8 districts and elects 8

legislators, each from one district.



Gerrymander — ®&{|iRik

Definition:

Rearrangement of voting districts so as to favor the party in power.

Objective:

To create as many districts as possible in areas of known support
and to concentrate the opposition's strength into as few districts as
possible (packing), or to diffuse minority strength across many
districts (dilution).



Four evenly matched districts Three districts owned by Party 1
—

L DISTRICT
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DISTRICT DISTRICT
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r C
All districts produce Districts A, 8, C vote 90% for Party 1.
an even voling ratio for each party. District D votes 90% for Porty 2.
PARTY 1 PARTY 2

Redrawing electoral districts in this example creates a
guaranteed 3-to-1 advantage in representation for Party 1 as
Party 2's voters are packed into District D.


http://en.wikipedia.org/wiki/Image:Gerrymander_diagram_for_four_sample_districts.gif

Elbridge Gerry + Salamander




= GERRYMANDER




Elbridge Gerry
Birth: Jul. 17, 1744 Death: Nov. 23, 1814

One of the few politicians whose name created a word in the English
language: Gerrymander. Born at Marblehead, Massachusetts in 1744, he
entered Harvard University at age 14, graduating with a Master's Degree
In 1765 at age 20.

In 1812, Governor Elbridge Gerry attempted to have a bill passed in the
Massachusetts legislature that would have divided the state into special
districts for election purposes; districts that would have ensured that
Gerry's anti-federalist friends would be elected and his opponents would
be defeated. As the shape of one of the new districts had the appearance
of a mythical animal, which others claimed looked something like a
salamander, the news media named it a gerrymander.



Political Districting Problem:
(E % 3|4 F 48)

--n units are grouped into k zones, subject to
constraints on the topology of the zones, etc.

Mathematically, it belongs to what iIs known
as the Districting (or zone design) Problem such
that some cost function is optimized, and has
been shown to be NP-Complete.



Additional Constraint: Contiguity
-- every unit in a district is connected to every other unit
through units that are also in the district.

To avoid Gerrymandering, one should have:

Population equality
Contiguity
Geographical compactness

Task:
To devise a method that is able to produce solutions
which satisfy these characteristics.



Example: USA

Each state’s legislative body is responsible for partitioning its
state into districts (district plan) equal to its apportionment.

Traditional Districting Principles for the plan
-- contiguity

-- equal population

-- pleasing shape

-- should not depart from the previous plan dramatically



Our Approach —

To map the problem onto a statistical
physics model and to find its optimal
solution.

Our Choice — g-state Potts Model
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Ising Model—A Model for Magnets

The motion of electrons around a nucleus can
produce a (tiny) magnetic field associated with an
Individual atom. In many respects, these atomic
magnets are like ordinary magnets and can be
thought of in terms of little magnet vectors. In most
ordinary matter, these little atomic magnets are
pointing in random directions. The magnetic fields
from the individual atoms cancel, and there is no
overall magnetic field in any (macroscopic) clump
of matter. However, in some materials, such as iron,
It is possible for very large numbers of the little
atomic magnets to line up, giving a non-zero total
magnetic field at "human perceptible™ distances.
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Fig. 2. (a) A district of 10 precincts in our model; (b) each red dot represents
one precinct; (c¢) a network of precincts connected by green arcs; (d) the network
extracted from (c).



Fig. 8. (a) A map of the Taipei city and its 449 precincts; (b) an illustration of the
voter districting in lowest energy state from our simulation with Ap and Ap equal
to 50 and 1 respectively. The 8 voter districts are drawn in different colors.



Summary on

Political Districting Problem (2006)

« A statistical approach to Political Districting Problem
IS given

 Additional constraints can be introduced as interaction
among sites and/or external fields

e Collaboration with other organizations, e.g. Central

Election Commission (CEC), to solve real life problem



Summary on
Political Districting Problem (2008)
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Distribution of Vobes
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Distribution of Votes (1% & 4 i# I 3%)
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USA House of Representatives
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UK 2001
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Canada 2004, 2006
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Distribution of Votes Among
Candidates :

For the distribution of votes among candidates,
there are at least two types of the voting
distribution of elections.

® One Is the power-law behavior which has been
reported on Brazilian parliamentary elections.

® Another Is the lognormal distribution on German,
French, Italian and Polish elections.

® \\We studied the vote distributions of Legislatures
In Taiwan and Japan. Their distributions show a
mixed behavior of power-law-like and lognormal-
like distribution.



FiPena e

* A database of elections(Taiwan, Japan, USA, UK,
Finland, Brazil, Canada, Australian...) has been set

up.

o A simple growth model is proposed to simulate the
opinion propagation in a voter’s network.

« A Dbetter fitting curve is found by analytic approach.
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o2 > i (Media Effect)

o A3/ (Majority Effect)
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Simulations

* Two control parameters of distribution
( majority effect and media effect) have been
studied.

* Majority effect: If a candidate has more
supporters ( the voters who have chosen this
candidate), his/her opinion will diffuse faster.

e Media effect : When a candidate has media
promotion, his/her opinion can do a long
distance jump.
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Simulations

e By changing the parameters, we can
create a phase diagram, and fit the real
world data.
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nase diagram (ﬁlﬁ%ﬂ)
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Proportional representation :
multi-member districts and open lists

Finland 2003 (RED),and simulation (GREEN)
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Proportional representation :

single non-transferable vote

Taiwan: Election for the 3-6" Legislative Yuan(old electoral
system)(RED), and simulation (GREEN)
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Proportional representation :
single non-transferable vote

Japan: House of Representatives 1993 (old electoral system)(RED),
and simulation (GREEN)
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Majoritarian electoral system:

Taiwan: Election for the 7t"(2008) Legislative Yuan(new electoral
systems)(RED), and simulation(GREEN)
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Majoritarian electoral system:

Japan: House of Representatives 2005 (new electoral system)(RED),
and simulation(GREEN)
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Majoritarian electoral system

USA Representative:1920(BLUE), 1992(GREEN), 2006(RED)
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System Voting district
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Japan — Vote Distribution after the New System has been introduced.
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Analytic study

A Dbetter fitting curve been found by using
analytic arguments.



N(v)=a* v¥**dsO *exp( -(v-c)**dsl / (2*b*b) );
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Lognormal distribution
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Summary on Distribution of Votes

® The type of votes distribution depends on the
electoral systems( Proportional representation
( Open Party list system(OPPR), Single non-
transferable vote (SNTV)), Majoritarian
electoral system(MES) ).

® A simple growth model can simulate these
distributions by changing control parameters.

® A better fitting curve Is found by analytic
approach.
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