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Approximating local observables
on projected entangled-pair states

Tensor network states are for good reasons believed to capture 
ground states of gapped local Hamiltonians well arising in the con-
densed matter context, states which are in turn expected to satisfy an 
entanglement area law. However, the computational hardness of 
contracting projected entangled pair states in two and higher dimen-
sional systems is often seen as a significant obstacle when devising 
higher-dimensional variants of the density-matrix renormalisation 
group method. In this work, we show that for those projected entan-
gled pair states that are expected to provide good approximations of 
such ground states of local Hamiltonians – in a sense made precise
in readings of the so-called PEPS conjecture – one can compute 
local expectation values in quasi-polynomial time. We therefore 
provide a complexity-theoretic justification of why state-of-the-art 
numerical tools work so well in practice. We comment on how the 
transfer operators of such projected entangled pair states have a 
gap. We finally turn to the computation of local expectation values on 
quantum computers, contributing to the discussion why this would be 
a meaningful application for a small-scale quantum computer. 
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The PEPS conjectures

Proof idea

Uniformly gapped parent Hamiltonian implies exp. decay of correlations [H].
Use PEPS injectivity to disentangle patch of PEPS at distance L around OX .

For one-dimensional systems it is provably known, that the ground state of 
gapped Hamiltonians is well-approximated by a MPS (1-D PEPS). Further-
more, expectation values of local observables can be e�ciently be computed 
on the MPS representation.  In higher dimensions, no such result is known, 
but conjectured. Here, we try to make this intuition rigorous.

In 1-D, this already implies exponential decay of correlations and injectiv-
ity of the PEPS. In higher dimension, this is no longer true. Thus, the PEPS 
representation of Conjecture 1 may lack crucial qualitative features! This 
might be essential to actually allow e�cient approximation of observa-
bles. Thus, we consider a strenghend version of the conjecture.

It is also expected that the constant gap assumption actually implies a 
uniform gap (i.e.  also every subset of the Hamiltonian terms is gapped)

 

• PEPS are quantum states defined on 
an arbitrary graph G=(V,E). 

• Edges of G are associated to 
maximally entangled pairs states 
providing virtual indices. 

• A tensor A(v) of rank k+1 is associated 
to each vertex v of degree k mapping 
k virtual indices to one physical index. 
 
 
 

• PEPS       is created by applying the 
maps A(v) to the virtual indices.  
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l Use correlation decay to bound error in observable computed on patch rather

than full PEPS. Patch is of poly-logarithmic size, thus it can be contracted in qua-
si-polynomial time on a classical computer.

Same assumptions as injective PEPS preparation algorithms [STV,GMC], thus 
expectation values can be computed e�ciently in polylog-depth on log-sized 
quantum register!


