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Overview

Stochastic systems — why?

The connection between stochastic and quantum — what?

Tensor network methods — how?

Traffic jams — example
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A paradigm

Totally Asymmetric Exclusion Process (TASEP)
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Complex systems
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Structure

Quantum (pure states) Stochastic

Recall: Standard

quantum formalism é $ é $ ¢ ¢ $ 0 _ 0 _ _ o
2 . N -

Site: 1 ¢ /+1 ..

Local configs iv=1,2,....d iv=1,2,....d

Global configs i=(ijip - iy) i=(i1ip - in)
D=d" D=a"

State vector ) = Z\m i) |P) = ZPi\ i)

Probabilities ;|2 P
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Evolution

Equivalent to

Recall: Master equation p
| P(1)) =H|P(1))
P
0 at(t) = Z (P (t)Ry—i — Pi(t)Riv) o
v G|H|T) =Ry for i#1,
|H]i) =~ Y Ri_y.
i i
Recall: TASEP TASEP has single site and
o Y B nearest-neighbour terms only.
O _ _ _ 9 _ _Q
Site: 1 2 ¢ (+1 N
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Tensor Network

Recall: Dimension explosion
Recall: Evolution operator

|P(1)) =e"'| P(0))

Recall: Nearest-neighbour

D=adV

Mean Field P, =p!p2...pN N_1
I % IN
H = Z hf,f-|—17
/=1
Matrix Product State
P = Al[}] y Al[z] Y Al[jz\\f[] oHi — HO HE | JHb

T. H. Johnson, S. R. Clark, and D. Jaksch, Dynamical simulation of stochastic
systems using matrix product states, Phys. Rev. E 82, 036702 (2010)
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Simulating traffic

Time evolution example: 0.265
Traffic light model
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Summary and further work (Qxford

Image compression

M. Bruderer, T. H. Johnson,
S. R. Clark, D. Jaksch, A.
Posazhennikova, and W.
Belzig, Phys. Rev. A

(to appear).

Finite difference methods
Partial differential equations
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Thanks for listening
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