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The Plan

® Part |:Listening to the Vulcan economy

® Part 2: Listening to the Earth economy



Part |: TheVulcan Economy
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Equities
x 5o
St—l

L =d(n(S)))

d(In(S,)) = o(¢)dB, + c(t)dt
Which is Vulcan and which is Earth?



Geometry of the Market

p(X,Y)=X.Y

d(X,Y) =2sin(6/2) = /2 (1 — p(X,Y))

d(X,Y)?

Conductance; = e o2

Scale is key...
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Conductance
C=(1/sum(sum(W)))*W;
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probability vector w! = Z Ci’  w=sum(C,1);

C,)

| P=diag(1./w)*C;
wJ

transition matrix P/ =

Notice

diag(w)P = C

wlP = w



Interpret as Random
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96 i {6 oo @6 9 19 A3 14 States

a0 B b ¥ 2 15 17

S 19 18 3 1o S(l)z[mod(|,6),ﬂ00r(|/6)]

states=Snake(500,5, 'No');

..26 32 26 19 25 32 26 21 28 21 28 22 28 33
26 21 15 16 21 16 21 26 27 33 26 25 26 33 32
33 27 26 32 33 26 20 14 20 I5 9 4 9 8 9
5 20 14 9 10 I5 9 14 8 14 I5 9 4 3 2 7
3 7 2 9 8 9 8 9 I5 9 4 11 18 17 23 16
22 21 6.

E=repmat(1/36,36,36);
[seq,states] = hmmgenerate(N,P,E);

MatLab:



Called a Markov Chain

Question: Given I’m in state i what is the
probability that I'm in state j after 2 steps?

N

P(X,,=jlX, =)= YP(X,,=jl1X, =bPX,, =klX, =i
k=1

r+1

k

Hey! that’s matrix multiplication! In general....

P(Xiin = j | Xe =1) = (P")
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MECHANIQUE CELESTE

P. S. LAPLACE,

Member of the Institute aod of the Bureau of Longitnde
of France, &c. &c.

When the motions are veryesmall; we may neglect
the squares and the products of «, v, and v; the equa-
tion (LD then becomes

()t (5 ()

therefore in tlus case u.8.0--v.8yv.dz is an exact va-
riation, if, as we have suppased, p be a function of p ;
by paming this differential ¢, we shall have

ol @
P"“f =\ )"

and if the fluid be hnmngf:nenus, the equatior of con-
tinuity will become

(2 () ()

These two equations contain the whole of the theory of
very small undalatiens of homogeneous fluids.

Circe 1799

The Laplacian

Af = f(x)- CZVS(x)(f)

Af = hm

S%Og
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Key property l:letting (f g) = Zﬁwigﬁ = f"diag(w)g

< f,Ag>=<Af,g>

proof:

(f, Ag) = f"diag(w)(I — P)g
KE,YWgh = f"(diag(w) — C)g
> = ((diag(w) — C)f)" g
— (diag(w)(I — C)f)" g

= ((I - C)f)" diag(w)g = (Af, g)
Q.ED



< f,Ag>=<Af,g>

Spectral Theorem (Real): If <,>is an inner product and
<Av,w>=<v,Aw> then there is an orthonormal basis of
A eigenvectors.

[ OS]

0



Find this basis with MatlLab....

$Create Laplacian and find eigenbasis
Lap=diag(ones(length(P),1)) - P;
[B Eig]=eig(Lap);

% (Check: Lap=B*Eig*B"(-1))

$Note: better algorithms for symmetric matrix

O=[1]7
for i=l:length(Lap)
norm=sqgrt((B(:,1)) "' .*mu*B(:,1));
O=[0 B(:,1i)/norm ];

end
% (Check: O'*diag(mu)*0)



The Green-Kelvin ldentity

(£.0f) = [ fofdi = [|Vf[ az (F8)= ] FIgCavelt
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Key Property 2: Proof
(f,Af) = Zwip“" fi — [:)?>=0

oot (1,A) = X Sl = )

——Zw th w' P f; ;sz‘sz

= ; (Zwipijff — QZwiPijfifj T ijpijff)

/ Zw*Pf .—2f1fj+f!2)s \

row sum is one equilibrium measure



Eigenvalues are the
frequency of oscillation

......................................................




Eigenvalues are the

¢ “frequency of oscillation”
. of the eigenfunctions.
. .
...look at nodal lines show

L B
------
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of the American Mathematical Soc 1}

Alex Barnett



back to the Vulcan market
No Structure (null model)

Universal and Nonuniversal Properties of Cross Correlations in Financial Time Series

Vasiliki Plerou,'? Parameswaran Gupikrih]m.‘m,: Bernd Rosenow ., Lufs A. Nunes Amaral,! and H. Eugene Stanley

Statistical properties of random matrices such as R are

known [26,27]. Particularly, in the limit N—ce, L—ce, such

~ that O=L/N (>1) is fixed, it was shown analytically [27]

| . that the probability density function P_(\) of eigenvalues A
R of the random correlation matrix R is given by

e =AY (A=A
ZQW v( :( J! ©)

| P (A)=

for A within the bounds A _=MA,=A\_ , where A _ and \ , are
the minimum and maximum eigenvalues of R, respectively,
given by

. ?\_—l+—*2\/—. (7)

1 Histogram,
| runs,
"~~~ N=500,
L=1000




Statistical properties of random matrices such as R are
known [26,27]. Particularly, in the limit N—ce, L—c, such
that Q=L/N (>1) is fixed, it was shown analytically [27]
that the probability density function P_,(A) of eigenvalues A
of the random correlation matrix R is given by

(ns—=A) (A=A _
— Prnh)= . YWATMATA) (6)

for A within the bounds A _=X,=k_., where A _ and A , are
the minimum and maximum eigenvalues of H, respectively,

given by
—l+—*2\/— (7)

Histogram,
200 runs,

LN=500,
L=1000



The Vulcan Market

0.9 -

Use exceptional
eigenvalues as a
proxy for number of
clusters




Find the find geometry.....
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Geographic Isolation

Vulcan Economic Hubs

“Seems logical to me captain”
g P
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How much information do these eigenvalues
contain? Well we “scrub them out” and see!
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What is left captain!?
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Empty Sphere Method

Take a bunch of point...



Empty Sphere Method

Search for empty spheres...



Empty Sphere Method

Search for empty spheres...



Empty Sphere Method

Search for empty spheres...



Empty Sphere Method

Search for empty spheres...



Empty Sphere Method

Search for empty spheres...



Empty Sphere Method

Search for empty spheres...



Empty Sphere Method

Search for empty spheres...
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Empty Sphere Method

Search for empty spheres...



Empty Sphere Method

Search for empty spheres...



Empty Sphere Method

Search for empty spheres...




Empty Sphere Method

Search for empty spheres...




Empty Sphere Method

Search for empty spheres...




Empty Sphere Method

Search for empty spheres...




Empty Sphere Method

Search for empty spheres...




Empty Sphere Method

Search for empty spheres...




Empty Sphere Method

Search for empty spheres...




Empty Sphere Method

Search for empty spheres...




Empty Sphere Method

Search for empty spheres...




Empty Sphere Method

Search for empty spheres...




Empty Sphere Method

Search for empty spheres...

e




The Delaunay Decomposition

Viola, le Delaunay Decomposition.




® Manifold Learning: Loads of current research!

® “Most Fun”=persistent homology. Detects the
emergence of tOPO'Og)’. (See: Topology for Computing by Zomorodian)

{a) 312 {b) 690 (¢ 1,458 {d) 2,266 (&) 3,448

2411

(f] 4,315 (g) 4,808 {h] 5,BE5 {i) 7.823 (j) 8,501

“Bottom up” method
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Tree of Life
“bottom up methods”

.

A dendogram
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null model yet?
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"So it would seem.



Partition Decoupling Method:
Cluster, Scrub, Iterate.

Driginal First Rermoved
=00 - y 300

P - | 250
e W 200
IAD
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0 o0 100 150 0 10 20 30 20

Second Femoved Third Bermoved

Null

From the Vulcan market we can

|. explore the robustness of the tool

2. explore the effects of correlation scales
3. explore the effects of geometry.




Part 2: The Earth Economy

G. Leibon, S. Pauls, D Rockmore, R Savell, Topological Structures in the equities market
network, Proceedings of the National Academy of Sciences of the United States of America,
Vol. 105, No. 52. (30 December 2008), pp- 20589-20594.
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The Spectral Market
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Scrub and
examine

actions. For example, the diamond shaped clusters contain a
mixture of multiple sectors. The first is predominantly Con-
sumer (Goods, Industrial Goods and Services, while the second
is predominantly Financial, Healthcare, Services and Technol-
ogy. However, both clusters contain significant commonalities.
In the first, the equities in the Service sector are almost all
related to the shipping industry, which obviously serves to dis-
tribute Consumer and Industrial Goods. In the second, the
equities in the Financial, Services and Technology sectors are
related to companies that either provide services or do busi-
ness with healthcare companies (e.g. health insurance compa-
nies, drug companies, management services, healthcare based
REITs, etc.). Equities in both of these clusters are drawn

Q\q, |
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The dynamic picture is

even more interesting....

turn it on its side...
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The Recent “‘Battle”
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More importantly, generative
models will allow us to
deal with structured time series.

Correlation by Sector

Market Wisdom
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Mean correlation, Unnormalized
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Can you
hear the
shape of
a drum!?
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