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The Plan

• Part 1: Listening to the Vulcan economy

• Part 2: Listening to the Earth economy



Part 1: The Vulcan Economy



VulcanEarth
Economies of 

interest

SKSE*

*ShiKar Stock Exchange



Equities

€ 

d(ln(St )) =σ (t)dBt + c(t)dt
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€ 

Xt =
St − St−1
St−1

≈ d(ln(St ))

Which is Vulcan and which is Earth? 



Geometry of the Market

Scale is key...



W=

Conductance 
(or similarity) 

Network. 

C=(1/sum(sum(W)))*W;



w=sum(C,1);

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

probability vector

transition matrix

Notice



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

    ....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    15     9     4     9     8     9    

15    20    14     9    10    15     9    14     8    14    15     9     4     3     2     7    
13     7     2     9     8     9     8     9    15     9     4    11    18    17    23    16    

22    21    16.....

S(i)=[mod(i,6),floor(i/6)]

Interpret as Random

States

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

MatLab:



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

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

P(Xt+2 = j | Xt = i) = P(Xt+2 = j | Xt+1 = k)P(Xt+1 = k | Xt = i)
k=1

|S |

∑

Called a Markov Chain



    ....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    15     
9     4     9     8     9    15    20    14     9    10    15     9    14     8    14    15     9     4     3     2     7    

13     7     2     9     8     9     8     9    15     9     4    11    18    17    23    16    22    21    16.....

 

Law of Large
 Numbers

Equilibrium measure
is the average

Text

....provide the chain is ergodic, meaning it is possible to 
get from every state to every other state (eventually) 



...

Circe 1799

€ 

Δf = f (x) − avS(x )( f )

The Laplacian

€ 

= −
∂ 2 f
∂x 2

+
∂ 2 f
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+
∂ 2 f
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 

 
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Δf = lim
ε→0

1
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€ 

< f ,Δg >=< Δf ,g >

Key property 1: letting

KEY: weights 
are

 symmetric

Q.E.D

proof:



€ 

< f ,Δg >=< Δf ,g >

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



Find this basis with MatLab....

    %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=[];
for i=1:length(Lap)
    norm=sqrt((B(:,i))'.*mu*B(:,i));
    O=[O B(:,i)/norm ];
end
    % (Check:  O'*diag(mu)*O)



The Green-Kelvin Identity 

  

€ 

f ,Δf = fΔfd
r 
x =∫ ∇f 2d

r 
x ∫

€ 

f ,g = fiw
igi

i
∑

€ 

f ,g = f (x)g(x)dVol(x)
M
∫

€ 

f ,Δf = f jw
i(Ii

j − Pi
j ) f j

i, j
∑ =

1
2

wiPi
j f i − f j( )

2

i, j
∑



Key Property 2: Proof 

row sum is one is equilibrium measure

Proof:

>=0



Eigenvalues are the
 frequency of oscillation

€ 

λ2

€ 

λ30



Alex Barnett

Eigenvalues are the
 “frequency of oscillation”

of the eigenfunctions.
...look at nodal lines show



Histogram,
1 runs,
N=500,
L=1000

Back to the Vulcan market
No Structure (null model) 



Histogram,
200 runs,
LN=500,
L=1000



The Vulcan Market 

Text

Zoom 

Use exceptional 
eigenvalues as a 

proxy for number of 
clusters



17 Clusters 

Original
Distribution

Find the find geometry.....  



Not Sectors....

1 Basic Materials
2 Conglomerates   

3 Consumer Goods  
4 Financial       

5 Healthcare      
6 Industrial Goods

7 Services        
8 Technology      

9 Utilities       



Geographic Isolation

Vulcan Economic Hubs

“Seems logical to me captain”



Cluster Break Down
By Region



How much information do these eigenvalues 
contain? Well we “scrub them out” and see!

What is left captain?



Is the topology real?

``Vulcan”
Sector 

Rotation















































• Manifold Learning: Loads of current research!

• “Most Fun”=persistent homology.  Detects the 
emergence of topology. (See: Topology for Computing by Zomorodian)   

“Bottom up” method



a persistent 
topological

scale 

``Vulcan”
Sector 

Rotation



Tree of Life 
“bottom up methods”

A dendogram



Have we found the 
null model yet?

So it would seem.

One last
 scrub

Break down by clan

Scrub 
out the 

“sectors”



From the Vulcan market we can 
1. explore the robustness of the tool
2. explore the effects of correlation scales
3. explore the effects of geometry. 

Partition Decoupling Method:
Cluster, Scrub, Iterate.

Null



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.



Zoom In

Actual
market

compared with 
Null



1 Basic Materials
2 Conglomerates   

3 Consumer Goods  
4 Financial       

5 Healthcare      
6 Industrial Goods

7 Services        
8 Technology      

9 Utilities       



The Spectral Market





Scrub and 
examine



Other factors...sectors
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1 Basic Materials
2 Conglomerates   

3 Consumer Goods  
4 Financial       

5 Healthcare      
6 Industrial Goods

7 Services        
8 Technology      

9 Utilities       

Guess?
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The dynamic picture is even more interesting....

turn it on its side...



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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Can you
 hear the 
shape of
 a  drum?

``Cover” credits:


