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Given a function          as an oracle            
create a state   -close to a target state

QUANTUM STATE GENERATION PROBLEM 
Of : |x�|s� �→ |x�|f(x) ⊕ s�

|ψ⊙
f �

QUERY  COMPLEXITY
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CLASSICAL PROBLEMS (Tutorial by Ben Reichardt)

Creating        is computing a function
Example: search

QUANTUM PROBLEMS
Example: Index Erasure
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[BBBV’97] 

[Amb’00]

[SŠ’06] 

[HLŠ’07] 

[Špa’08] 

Several variations (and many more)

The additive method is tight for all functions
 in the bounded-error model}

}[Amb’03]

[LM’04]

[Amb’05]

[Rei’09]

[LMRŠ’10]

W t −W t+1

W t/W t+1

Hybrid argument

Adversary method

All these methods are equivalent

Additive method (negative weights)

Multiplicative method
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Gx = SN−1 × SM

λ,λ λ,λ+ λ−,λ λ−,λ+ λ−,λ− λ−, λ̃

Gxy = SN−1 × SM−1

λ,λ λ−,λ λ−,λ−

G = SN × SM

λ,λ

!

"

#

Figure 5: In accordance with our convention, we draw only the part of the diagram below the first
row. The condition ! imposes that the two diagrams on top have the same shape. From the first
to the second row, one should remove one box to each diagram. When the removed box does not
belong to the first row, it is show in light gray. The condition " imposes that the left diagram is
included into the right one. The condition # gives the third row of diagrams. Finally we have 3
“generic” types of irreps: case 1 (blue) where the irreps have the same shape; case 2 (green) where
the right diagram has one more box; and case 3 (red) where the the right diagram has 2 more
boxes.

3. l = (λ,λ++): Diagram for SM has two additional boxes below the first row. This irrep has
multiplicity three since there are three ways to induce to a valid irrep of SN ×SM , by adding
a box either in the first row, leading to k = (λ,λ+), or at to one of the missing places below
the first row, leading to k = (λ+,λ++).

Let us now consider these three cases separately.

Case (λ,λ). Since this irrep has multiplicity one, we just need to compute a scalar. As an irrep
of SN−1 × SM , (λ,λ) restricts to only one valid irrep of SN−1 × SM−1, by removing a box on the
first row of the right diagram, therefore this irrep is also labeled (λ,λ). Inducing from this irrep of
SN−1×SM−1 to SN ×SM , we obtain three valid irreps, two “bad” ones, (λ,λ) and (λ+,λ+), and a
good one, (λ,λ+). To differentiate between projectors of irreps of the different groups, we will from
now on use superscripts (for example ΠN,M

λ,λ denotes a projector on the irrep (λ,λ) of SN × SM ).
We therefore have from Theorem 26

∆λ,λ
x =

γ|λ|

dN−1,M
λ,λ

∑

y

tr
[

Πx
yΠ

N,M
λ,λ Πx

yΠ
N−1,M
λ,λ

]

+
γ|λ|+1

dN−1,M
λ,λ

∑

y

tr
[

Πx
yΠ

N,M
λ+,λ+Π

x
yΠ

N−1,M
λ,λ

]

− γ|λ|

=
Mγ|λ|

dN−1,M
λ,λ dN−1,M−1

λ,λ

· tr
[

ΠN−1,M−1
λ,λ ΠN,M

λ,λ

]

· tr
[

ΠN−1,M−1
λ,λ ΠN−1,M

λ,λ

]

+
Mγ|λ|+1

dN−1,M
λ,λ dN−1,M−1

λ,λ

· tr
[

ΠN−1,M−1
λ,λ ΠN,M

λ+,λ+

]

· tr
[

ΠN−1,M−1
λ,λ ΠN−1,M

λ,λ

]

− γ|λ|,

26

depends on the overlap of irreps of    ,      and    .
G Gx Gxy
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Assume: multiplicative lower bound complexity for QSG is   .
Complexity of solving QSG on    independent instances?

• Upper bound           
k

• Lower bound?
O(kT )

T

The success probability of an algorithm solving QSG on   
independent instances with less than             queries is 

exponentially small in   .

STRONG DIRECT PRODUCT  THEOREM

MADV(k)
�� ≤

k

10
MADV�

k

k

kT/10
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OPEN QUESTIONS

QUERY COMPLEXITY
• 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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