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HAMILTONIAN COMPLEXITY
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HAMILTONIAN COMPLEXITY

VERIFIER RUNTIME HAMILTONIAN GAP

1

spin chain of length N
parameter [N can encode

input of size In V |
/—‘ we want this!

\ 1
Q IVIAEXP exp polyln N = poly N T > CORRECT CLASS
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QUANTUM RING MACHINES
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Quantum Ring Machine. (S,n), S unitary operator on (C%)®2, n € IN.

S acts cyclicly on two neighbouring spins of the 1D spin chain (C%)®".

Start computation in some initial configuration g;. Runtime defined as
Computation terminates in some final configuration ¢. for Turing Machines



QUANTUM RING MACHINES

Proof: embed a
BQEXP-complete
Turing Machine

Theorem. Let L be a promise problem in BQEXP.

Then there exists a polynomial p and a unitary U such that for each =z € L,
the quantum ring machine (U, p(exp|x|)) terminates in p(exp |z|) steps.

On input x € Lygg, it transitions to an accepting state with probability > 2/3,
and analogously for NO instances.
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THUE SYSTEMS

[tu:]
finite index set
Thue System. /—‘
Finite alphabet X2, set of length-preserving rules {(a; <> b;),7 € 1} with a;,b; € >*.
Example.
alphabet ¥ = {a, b, ¢} aa(;%aab%acc/ \
rules {(c <> b), (ab <> cc)}. \ / \
cba cch «——— cbb
7 N\ \ 7 s N\
aca «—— aba «—— cca bba ccc < cbe bch «—— bbb
NS SN Kbb %
bea ca cc «—— bbc
7N, 7
caa < baa cac bab aaaq
N\ 7



QUANTUM THUE SYSTEMS

classical
Quantum Thue System. /—l quantum
Thue system (X, R) with 3 = X UX, invariant under rules R, Hilbert space H,

family of unitaries for each rule {U, },.cr such that U,. € B(’H@Mq).
number of quantum
symbols in rule

b Bq={x}, H=C% R={(x— ¢ —*,05 = [1)0] + |0X1])}

Example. ¥ = {—, x,

*x—...—| = —x...—| = = — ... — %
N——

n times
Starting on |1), end up in 1) ifnis <.aven — Decides whether n
0) otherwise. _
IS even or odd.
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UNITARY LABEL GRAPHS

Definition (ULG).
e a directed graph G = (V, F)
e a family of Hilbert spaces (H,)vev

e a family of unitary operators (U, : Ho — Hb)e—(ab)cE
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UNITARY LABEL GRAPHS

U O v
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(a,b)EE

H= ) > (lg@[)-[p)@U.l))( hc )

e=(a,b)eE 1
ULG Hamiltonian
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UNITARY LABEL GRAPHS
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Definition. A ULG is called semi-classical if the product of unitaries around any loop is]l.

Theorem. Let H be the Hamiltonian of a semi-classical ULG.

Then H is simple—unitarily equivalent to copies of a graph Laplacian A,
i.e. 3 unitary D such that H=D(A ® 1)D".

— Spectral Analysis of Hamiltonian
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HAMILTONIAN COMPLEXITY

Theorem.
The local Hamiltonian problem for translationally invariant interactions
between neighbouring spins on a chain with local dimension 41 is QMAgxp-complete.



THANKS!



