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• product of tensors
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• other examples:
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Tensor Networks
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Tree Tensor Network (TTN)

1D/2D

Tensor Networks

examples of tensor network representations:

Matrix Product State
(MPS)

1D
Wilson (NRG) 1975
Fannes, Nachtergaele, Werner 1992
White 1992 (DMRG)
Oestlund, Rommer 1995 
time evolution in 1D – 2003
...

Tensor Product State (TPS) or
Projected Entangled Pair State

(PEPS)

2D

Nishino 2000
Verstraete, Cirac 2004
...

Multi-scale Entanglement 
Renormalization Ansatz (MERA)

1D/2D

(next lecture!)



What do we want to be able to do with a tensor network?

• efficient specification 
of the state
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• efficient computation 
of expected values
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• efficient computation 
of states of interest:

e.g. ground state

• efficient simulation 
of time evolution 

?
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Computation of expected values
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With a MPS:

Without a tensor network:

Example:
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With a TTN:

Computation of expected values

'( )q
O N χ operations



2( )N
O N χ operations

TPS / PEPS

''( )q
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TPS / PEPS

approximate

exact

approximation

MPS!

Computation of expected values

with a TPS/PEPS:
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Optimization of a tensor network

• Ground state min
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Optimization of a tensor network

• Ground state GSΨ
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Optimization of a tensor network

• time evolution ' UΨ = Ψ

ΨΨ
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• break into steps of the form
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u
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Optimization of a tensor network

• time evolution 2
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• simulation of evolution in “Euclidian” or “imaginary” time
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Optimization of a tensor network

Therefore the ground state               can be obtained in two ways:GSΨ

• minimization of energy min
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• Tensor Networks

Summary

• Computation of expected values

• Optimization of a tensor network 
(energy minimization, time evolution)


