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QUANTUM STATE GENERATION

[Folklore] One way to solve Graph Isomorphism
Create the uniform superposition on permuted graphs
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Time Complexity?
* Open question (exponential upper bound)
* Let’s try something simpler: query complexity

Example:
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Given an injective function f: [N] — [M] as an oracle

1
create the state [¢7) = — »  |f(=))
d \/N xE[N]
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ONE RPN
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Given a function f € F as an oracle Oy : |z)|s) — |z)|f(x) @ s)

create a state e-close to a target state [¢3)

Q< (%) Minimal number of queries that solve the problem over all
algorithms.
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* Initial value (high)

* Progress done by one query (limited)

* Final value (low, depends on the
success probability)




ADVERSARIES FOR CLASSICAL PROBLEMS

' BBBV'9/] Hybrid argument
z AmMb'00] Adversary method
! [Amb'03
' LM04] Several variations (and many more)
| [Amb05]
| 155061

All these methods are equivalent

| HLS'07] Additive method (negative weights) w* — Wt
} Spa’08] Multiplicative method wW*/wtt!

F The additive method is tight for all functions
; :_MRé’ 0] [ in the bounded-error model
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Wt = tr[Tp!] = 3 Ty (94 ]45%)
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For quantum state generation:
* non-orthogonal output states
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NEW METHOD: HYBRID

Eigenvalues of T'
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Progress: [W*t! — W < max ||T5 — I
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SYMMETRIZATION

2 technical difficulties:
* Designing a « good » adversary matrix
* Computing the norm ||T'; — T[]

Solution:
* Using the symmetries of the problem

Index Erasure: |¢%) = \/% > |f ()
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2 technical difficulties:
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|ION

* Designing a « good » adversary matrix
* Computing the norm ||T'; — T[]

Solution:

* Using the symmetries of the problem

Index Erasure: [¢3) = —

" The circuit should have

this symmetry
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USING SYMME TRIES

7 permutation on the inputs fre=ToOfoOm
T permutation on the outputs Urr|f) = |frr)

V(m,7) € G, Vf € F, frr € F
V(m,T) € G there exists a unitary V., |¢?) = [¢§ )

Symmetry of the oracle state: U, p*Ul_ = p*
I' can be chosen with the same symmetries: U, TUI =T

mp U : (7, 7) = Ugr, 9is a representation of GG
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USING SYMMETRIES WHEN U 1S MULTIPLICIT Y-FREE

et @, 7)€ G : w(z) ==z}
Goy = (7, 7) €G : w(z) =, 7(y) = y}

l is an irrep of G, with multiplicity my

small size: m; x m;
Index erasure 3 x 3




USING SYMMETRIES WHEN U 1S MULTIPLICIT Y-FREE

et @, 7)€ G : w(z) ==z}
Goy = {(m,7) €G : w(x) =2, 7(y) =y}

l is an irrep of G, with multiplicity
IS = L] = max HA;H

Example: Index-erasure
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Assume: multiplicative lower bound complexity for QSG is T.
Complexity of solving QSG on k independent instances!
* Upper bound O(kT)

 Lower bound?

SR G EICa LR EC L DR L SR 2l

The success probability of an algorithm solving QSG on
k independent instances with less than kT/10 queries is
exponentially small in k.
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OPEN QUESTIONS

BERNECOMPLEXITY

* Optimality for quantum state generation!?
* Strong direct product theorem holds for all functions!?
* quantum state generation problems?

PROVING LOWER BOUNDS

* New lower bounds? (Set equality)
* Shorter/Simpler proofs!?
* What about Graph Isomorphism!?
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