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Sabotage complexity [BK16]

Boolean function: f : {0,1}" — {0, 1}.
@ Let x € F1(0), y € F1(1).
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Sabotage complexity [BK16]

Boolean function: f : {0,1}" — {0, 1}.
@ Let x € F1(0), y € F1(1).

Jj|1 2
X 0 1 1
yl|0 1 1
I
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Sabotage complexity [BK16]

Boolean function: f : {0,1}" — {0, 1}.
@ Let x € F1(0), y € F1(1).
Q Let zy ., 2yt € {0, 1, % T}

X, x5 =y,

(Zeyoust)j = . j|1 2
VI gt i X £ x 0 1 1
yl|0 1 1
1
zx7y7* 0 =x * 1
Zeyt |0 f oo 1
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Sabotage complexity [BK16]

Boolean function: f : {0,1}" — {0, 1}.
@ Let x € F1(0), y € F1(1).
Q Let zy ., 2yt € {0, 1, % T}

X, x5 =y, -
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Sabotage complexity [BK16]

Boolean function: f : {0,1}" — {0, 1}.
@ Let x € F1(0), y € F1(1).
Q Let zy ., 2yt € {0, 1, % T}

X, x5 =y, -
(et = /1, ifx # ;. . ; 3 1 1
Q fab: Zx,y /1 = */T y 0 1 1
© DS(f) := D(fab), RS(f) := Ro(feab)- 1
Their observations: Zeys |0 % % oo 1
Q@ DS(f) = D(f). [BK16; Theorem 33] Zeyt |0 T T o 1 g

@ RS(f) = O(R(f)). [BK16; Theorem 12]
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Sabotage complexity [BK16]

Boolean function: f : {0,1}" — {0, 1}.
@ Let x € F1(0), y € F1(1).
Q Let zy ., 2yt € {0, 1, % T}

X, x5 =y, -
(et = /1, ifx # ;. . ; g 1 1
Q fab: Zx,y /1 = */T y 0 1 1
© DS(f) := D(fab), RS(f) := Ro(feab)- 1
Their observations: Zeys |0 % % oo 1
Q@ DS(f) = D(f). [BK16; Theorem 33] Zeyt |0 T T o 1 g

@ RS(f) = O(R(f)). [BK16; Theorem 12]
Open question:

@ Quantum analog: QS(f) = O(Q(f))?
Quantum Sabotage Complexity August 27th, 2024 3/10
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Quantum sabotage complexity

Boolean function: f : {0,1}" — {0, 1}.
@ Let x € F1(0), y € F1(1).

@ Let z be a sabotaged input.

Q Let J, ={j:z € {x1}}.
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Quantum sabotage complexity
Boolean function: f : {0,1}" — {0, 1}.
@ Let x € F1(0), y € F1(1).

@ Let z be a sabotaged input.
@ Let L= {j:ze{ni}}

J;
j|11 2 3 n
x|0 0 1 1
yl0 1 O 1
z |0 % = 1
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Quantum sabotage complexity
Boolean function: f : {0,1}" — {0, 1}.
@ Let x € F1(0), y € F1(1).

@ Let z be a sabotaged input.
@ Let L= {j:ze{ni}}

Complexity measure definitions: Jz
| D) RO Q() j|r 2 3 n
x|0 0 1 1
yl0 1 O 1
z|0 x = 1
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Quantum sabotage complexity
Boolean function: f : {0,1}" — {0, 1}.
@ Let x € F1(0), y € F1(1).
@ Let z be a sabotaged input.
@ Let L= {j:ze{ni}}

Complexity measure definitions: ] Jz
‘ D(-) R(-) Q(") Jj|1 2 3 - n
fsab,weak 1Z = */Jf ‘ DSweak steak steak
z|0 % x -+ 1 = x/t
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Quantum sabotage complexity

Boolean function: f : {0,1}" — {0, 1}.
@ Let x € F1(0), y € F1(1).
@ Let z be a sabotaged input.
@ Let /= {j:z € {ni}}
Complexity measure definitions:
| D()  R()  Q()
fsab,.weak Sz */Jf Dsyveak Rsyveak stveak
f‘lnd (Z) c Jz Dsmd RSInd Qsmd

sab,weak weak weak weak
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Boolean function: f : {0,1}" — {0, 1}.
@ Let x € F1(0), y € F1(1).
@ Let z be a sabotaged input.
@ Let /= {j:z € {ni}}
Complexity measure definitions:
| D()  R()  Q()
fsab,.weak Sz */Jf Dsyveak Rsyveak stveak
f‘lnd (Z) c Jz Dslnd RSInd stgak

sab,weak weak weak

fsab,str : (X7Y7 Z) — */T DSstr RSstr sttr

Quantum Sabotage Complexity

Arjan Cornelissen (IRIF)

Jz

j|1 2 3 n

x|[0 0 1 1

yl0 1 O 1

z|0 * =x 1 ==/t
August 27th, 2024 4/10



Quantum sabotage complexity

Boolean function: f : {0,1}" — {0, 1}.

@ Let x € F1(0), y € F1(1).
@ Let z be a sabotaged input.
@ Let /= {j:z € {ni}}

Complexity measure definitions:

|_D()

R()  Q()

fsab,weak Z = */Jf DSueak

f;i:l;j,weak(z) S JZ Dsind

fsab,stl_' : (X7Y7Z) = */T DS_str
bt (x.y.2) € Jz | DSGY

sab,str
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Quantum sabotage complexity
Boolean function: f : {0,1}" — {0, 1}.
@ Let x € F1(0), y € F1(1).

@ Let z be a sabotaged input.
@ Let L= {j:ze{ni}}

Complexity measure definitions: Jz
‘ D(-) R(-) Q(") j|11 2 3 n
fsab,weak Z = */Jf DSweak  RSweak  QSweak x10 0 1 1
f;i:l;jweak(z) € JZ Dsi/cgak RS\i/cgak stgak Y 0 10 1
fsab,str : (X; }/7 Z) = */T DSstr RSstr sttr ‘ 0 * ¥ 1
f;i;g,str(x? Y, Z) S JZ Dslsl]cﬁi RSIS?.? QSIS?:?i
Observations:

@ DS = O(DSueak) = O(DSE,,) = O(DSsyr) = O(DSEY).
@ RS = O(RSueat) = O(RSIY,,) = O(RSsy,) = O(RSHY).
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Quantum sabotage complexity
Boolean function: f : {0,1}" — {0, 1}.
@ Let x € F1(0), y € F1(1).

@ Let z be a sabotaged input.
@ Let L= {j:ze{ni}}

Complexity measure definitions: Jz
‘ D(-) R(-) Q(") j|11 2 3 n
fsab,weak Z = */Jf DSweak  RSweak  QSweak x10 0 1 1
f;i:l;jweak(z) € JZ Dsi/cgak RS\i/cgak stgak Y 0 10 1
fsab,str : (X; }/7 Z) = */T DSstr RSstr sttr ‘ 0 * ¥ 1
f::l;i,str(x? Y, Z) S JZ Dslsl]cﬁi RSIS?.? QSIS?:?i
Observations:

@ DS = O(DSyecak) = O(DSS,,) = O(DSs:r) = O(DSEY).
@ RS = O(RSyeak) = O(RS™ ) = O(RSs,) = O(RSIY).
Question: How about the quantum versions?
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Results

@ Direct inclusions:
® QS«r = O(QSL) = O(QSie) = O(RS).
Q sttr = O(steak) = O(Q weak)'

Sind

str

Q
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Results

@ Direct inclusions:
© QS = O(QS) = 0(QSie,,) = O(RS).
Q sttr = O(steak) = O(Q weak)'

@ Search upper bound: QS"S,, = O(+/n).
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Sind
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Results

@ Direct inclusions:
@ QSy = O(QSYY) = O(QSye,) = O(RS).
(2] sttr = O(steak) (steak)

@ Search upper bound: QS"S,, = O(+/n).

weak —

@ Lower bound: QSs, = Q(+/bs).

Smd

str

Q
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Results

Q Direct inclusions:
@ QSy, = 0(Q5%7) = O(QSyey,) = O(RS).
® QSsir = O(QSweak) = O(QSycak)-

@ Search upper bound: QSI"d, = O(/n).

© Lower bound: QSs, = Q(+/fbs).

Q@ Algorithmic relations:

(1] sttr = O(Q)
Desired property from [BK16].

@ QS™ = 0(QD*?),

Smd

str

Q
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Results

Q Direct inclusions:
@ QSy, = 0(Q5%7) = O(QSyey,) = O(RS).
@ QSsr = O(QSweak) = O(QSeak)-

@ Search upper bound: QSI"d, = O(/n).

© Lower bound: QSs, = Q(+/fbs).

Q@ Algorithmic relations:

(1] sttr = O(Q)
Desired property from [BK16].

@ Qs = 0(QD*?).
@ Separation: 3f : QSg(f) = Q(fbs(f)).

QS@@?

Arjan Cornelissen (IRIF) Quantum Sabotage Complexity August 27th, 2024 5/10



Algorithmic relation I: QSg, = O(Q)
Boolean function: f : {0,1}" — {0,1}.
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Algorithmic relation I: QS = O(Q)

Boolean function: f : {0,1}" — {0,1}.
Q@ Algorithm for f: A

@ makes oracle calls Oy : j — X;, ) —
@ for any x € {0,1}", A(x) = f(x) whp. |b) —|

— 1)
Ol |b® x))
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Algorithmic relation I: QS = O(Q)

Boolean function: f : {0,1}" — {0,1}.
Q@ Algorithm for f: A

@ makes oracle calls Oy : j — X;, ) —
@ for any x € {0,1}", A(x) = f(x) whp. |b) —|

Q Strong model: fapstr 1 (X, Y, Zyx/t) = */1.

— 1)
Ol |b® x))

i)~ o, U

|b) — — [b® yj)
h— 1
9 % ez
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Algorithmic relation I: QS = O(Q)

Boolean function: f : {0,1}" — {0,1}.

Q@ Algorithm for f: A
@ makes oracle calls Oy : j — X;,
@ for any x € {0,1}", A(x) = f(x) whp.

@ Strong model: fopstr 1 (X, Y, zx’%*/T) — % /1.

@ Algorithm for fo,pstr- B: Replace oracles in A with:
@ Query z;.
@ If zj € {0,1}, return z; (= x; = yj).
© Else if z; = *, return x;.
@ Else if z; = 1, return y;.
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Algorithmic relation I: QS = O(Q)

Boolean function: f : {0,1}" — {0,1}.
Q@ Algorithm for f: A

@ makes oracle calls Oy : j — X, ) — o. [ )
@ for any x € {0,1}", A(x) = f(x) whp. |b) — T — |b® x;)
@ Strong model: fopstr 1 (X, Y, zx’%*/T) — % /1.
@ Algorithm for fo,pstr- B: Replace oracles in A with:
@ Query z;. Uy — o, [ )
@ If z; € {0,1}, return z; (= x; = yj). by — 7 —|bdy;)
© Else if z; = *, return x;.
@ Elseif z; = 1, return y;.
@ Observation: ) — — 1)
@ If z is a x-input, B feeds x into A = B(:) = A(x) = 0 whp. o |
@ If zis a {-input, B feeds y into A = B(-) = A(y) =1 whp. Is) 1 7F [ |s®z)
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Boolean function: f : {0,1}" — {0,1}.
Q@ Algorithm for f: A

@ makes oracle calls Oy : j — X, ) — o. [ )
@ for any x € {0,1}", A(x) = f(x) whp. |b) — T — |b® x;)
@ Strong model: fopstr 1 (X, Y, zx’%*/T) — % /1.
@ Algorithm for fo,pstr- B: Replace oracles in A with:
@ Query z;. Uy — o, [ )
@ If z; € {0,1}, return z; (= x; = yj). by — 7 —|bdy;)
© Else if z; = *, return x;.
@ Elseif z; = 1, return y;.
@ Observation: ) — — 1)
@ If z is a x-input, B feeds x into A = B(:) = A(x) = 0 whp. o |
@ If zis a {-input, B feeds y into A = B(-) = A(y) =1 whp. Is) 1 7F [ |s®z)

© = New algorithm computes f,p, st
Conclusion: QS = O(Q).
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Algorithmic relation 1I: QS = O(QD%*?) (1/2)

str

Boolean function: f : {0,1}" — {0, 1}.
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Algorithmic relation 1I: QS = O(QD%*?) (1/2)

Boolean function: f : {0,1}" — {0, 1}. ) (—1)% |j)
Definition: Algorithm A distinguishes f:

©@ makes T queries.

@ on input x outputs |¢] 1) s.t.
f(x) # f(y) = | (& Ty ) [ < 1/6.

Quantum distinguishing complexity: min. T.
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Boolean function: f : {0,1}" — {0, 1}. ) (—1)% |j)
Definition: Algorithm A distinguishes f:
©@ makes T queries.
@ on input x outputs |¢] 1) s.t.
f(x) # f(y) = [ (ol Ty ) [ < 1/6.
Quantum distinguishing complexity: min. T.
Strong model: fird_ (x,y,z) € J,.

sab,str
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Algorithmic relation 1I: QS = O(QD%*?) (1/2)

Boolean function: f : {0,1}" — {0, 1}. ) (—1)% |j)
Definition: Algorithm A distinguishes f:
© makes T queries. W’b W’%
@ on input x outputs ‘¢T+1> s.t. — —
F(x) # f(y) = [ (M) )1 <1/6. |0) ] Uo [ Up [ Up [ [0 )
Quantum distinguishing complexity: min. T. — l l —

Strong model: fird_ (x,y,z) € J,.

sab,str

@ Let |3)!) be the state before the t*" query.
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Algorithmic relation 1I: QS = O(QD%*?) (1/2)

Boolean function: f : {0,1}" — {0, 1}. ) (—1)% |j)
Definition: Algorithm A distinguishes f:
© makes T queries. W’b W’%
@ on input x outputs ‘¢T+1> s.t. — —
f(x) £ f(y) = [ () )1 <1/6. |0) ] Uo [ Up [ Up [ [
Quantum distinguishing complexity: min. T. — l l —

Strong model: fs':t‘j'str(x,y,z) € J,.
@ Let |3)!) be the state before the t*" query.

© Let py¢ = My [00)].
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Algorithmic relation 1I: QS = O(QD%*?) (1/2)

str
Boolean function: f : {0,1}" — {0, 1}. i) (—1)% |j)
Definition: Algorithm A distinguishes f:
© makes T queries. |¥5) [¥%)
@ on input x outputs |¢] 1) s.t. — —
F(x) £ f(y) = [ () ) 1<1/6. |0) —] Uo [ Up [ Up [ [0
Quantum distinguishing complexity: min. T. — l l —

Strong model: fird_ (x,y,z) € J,.

sab,str

@ Let |3)!) be the state before the t*" query.

2
© Let pee := [[Mury [V2)I".
Intuition: if we run A on x and stop just before
the t' query, measuring gives j € J, w.p. px.s.
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Algorithmic relation 1I: QS = O(QD%*?) (1/2)

str

Boolean function: f : {0,1}" — {0, 1}.
Definition: Algorithm A distinguishes f:

©@ makes T queries.

@ on input x outputs |¢] 1) s.t. —
f(x) # fly) = [ (o o) Y[ <1/6. 0) ] Uy

Quantum distinguishing complexity: min. T. —

U1

U

Strong model: fird_ (x,y,z) € J,.

sab,str

@ Let [1p!) be the state before the t'" query. Lemma: ZtT:l Pxt + Pyt = (1).

2
© Let pee := [[Mury [V2)I".
Intuition: if we run A on x and stop just before
the t' query, measuring gives j € J, w.p. px.s.
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Algorithmic relation 1I: QS = O(QD%*?) (1/2)

str

Boolean function: f : {0,1}" — {0, 1}.
Definition: Algorithm A distinguishes f:
©@ makes T queries.
@ on input x outputs ‘¢T+1> s.t.
f(x) # f(y) = [ (ol Ty ) [ < 1/6.
Quantum distinguishing complexity: min. T.
Strong model: fird_ (x,y,z) € J,.

sab,str

@ Let |3)!) be the state before the t*" query.

Q Let Px,t = anfy |11Z)>t<>||2

Intuition: if we run A on x and stop just before
the t' query, measuring gives j € J, w.p. px.s.

Arjan Cornelissen (IRIF)

Quantum Sabotage Complexity

) (=1)9 1))
|¥x) |9%)
. -
0) | Uo [ Ui [ Ua [ o] th)

Lemma: ZtT:l Px,t + py ¢ = Q(1).

Proof- ‘ <wt‘ 77/}}t/> <wt+1‘ ¢t+ >
< | (WL (1 — OTO )[¢t)| (triangle ineq.)
= 2| (| Mty |90 > |
<2y [0 T len)) (o)
< Put + Pyt (AM-GM)
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Algorithmic relation 1I: QS = O(QD%*?) (2/2)

str

Boolean function: f : {0,1}" — {0, 1}.
Lemma: Zthl Px.t + py.e = (1).
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Algorithmic relation 1I: QS = O(QD%*?) (2/2)
Boolean function: f : {0,1}" — {0, 1}.

Lemma: Zthl Px.t + py.e = (1).
Algorithm: B:

Q Select t € {1,..., T} ua.nr.

@ Select X' € {x,y} u.a.r.

@ Run A on x’ up to the tt" query.
@ Measure the index register — .
@ Check if zj € {*,1}.
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Boolean function: f : {0,1}" — {0, 1}.

Lemma: Zthl Px.t + py.e = (1).
Algorithm: B:

Q Select t € {1,..., T} ua.nr.
@ Select X' € {x,y} u.a.r.
@ Run A on x’ up to the tt" query.
@ Measure the index register — .
@ Check if zj € {*,1}.

Cost: O(T) queries.
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Algorithmic relation 1I: QS = O(QD%*?) (2/2)
Boolean function: f : {0,1}" — {0, 1}.

Lemma: Zthl Px.t + py.e = (1).
Algorithm: B:

Q Select t € {1,..., T} ua.nr.
@ Select X' € {x,y} u.a.r.
@ Run A on x’ up to the tt" query.
@ Measure the index register — .
@ Check if zj € {*,1}.
Cost: O(T) queries.
Success prob.: 5+ Z;l Pt + Py = Q).
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Algorithmic relation 1I: QS = O(QD%*?) (2/2)
Boolean function: f : {0,1}" — {0, 1}.

Lemma: Zthl Px.t + py.e = (1).
Algorithm: B:

Q Select t € {1,..., T} ua.nr.
@ Select X' € {x,y} u.a.r.
@ Run A on x’ up to the tt" query.
@ Measure the index register — .
@ Check if zj € {*,1}.

Cost: O(T) queries.

Success prob.: 5+ Z;l Pt + Py = Q).
Amplitude amplification: O(T3/2) queries.

Arjan Cornelissen (IRIF) Quantum Sabotage Complexity August 27th, 2024 8/10



Algorithmic relation 1I: QS = O(QD%*?) (2/2)
Boolean function: f : {0,1}" — {0, 1}.

Lemma: Zthl Px.t + py.e = (1).
Algorithm: B:

Q Select t € {1,..., T} ua.nr.
@ Select X' € {x,y} u.a.r.
@ Run A on x’ up to the tt" query.
@ Measure the index register — .
@ Check if zj € {*,1}.
Cost: O(T) queries.
Success prob.: 5+ Z;l Pt + Py = Q).

Amplitude amplification: O(T?3/?) queries.
Conclusion: QS"Y = O(QD%/?).
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Algorithmic relation 1I: QS = O(QD%*?) (2/2)

str

L n n
Boo/ean. fun_’gt/on. f:{0,1}" — {0,1}. /®/
Lemma: Y7, 1 pxt + Py = Q(1).
Algorithm: B:

Q Select t € {1,..., T} ua.nr.
@ Select X' € {x,y} u.a.r.
@ Run A on x’ up to the tt" query.

@ Measure the index register — .

@ Check if zj € {*,1}.
Cost: O(T) queries.
Success prob.: % Z;l Px.t + Pyt = Q(%)
Amplitude amplification: O(T3/?) queries.
Conclusion: QS"Y = O(QD%/?).

ngg
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Separation: 3f : QS (f) = Q(fbs(f))
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Separation: 3f : QS (f) = Q

© Indexing function:
o f:{0,1}" x {0,1}*" — {0,1}.
(2] f(f7 d) = dp.
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Separation: 3f : QS (f) = Q

© Indexing function:
o f:{0,1}" x {0,1}*" — {0,1}.
(2] f(f7 d) = dp.

@ Proof sketch:

(fbs(f))

® n<s(f) <fbs(f) <D(f) <n+1.

= fbs(f) = ©(n).
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Separation: 3f : QSg,(f) = Q(fbs(f))

© Indexing function:
o f:{0,1}" x {0,1}*" — {0,1}.
o f(f7 d) = dy.
@ Proof sketch:
® n<s(f) <fbs(f) <D(f) <n+1.
= fbs(f) = ©(n).
@ Lemma: For RC X x Y, with
o X C sab str(*) Y C sab str(T)
@ mx = maxxex [{y @ (x,y) € R}|
@ my = maxyey [{x: (x,y) € R}|
0 émax = maxxeX,yGY,jG[n+2“]

Hy": (x,¥") € R, x # yi}]
HxX (X y) € R x; # v}

= @Sy = @ (/722 ). [Ambo2]
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Separation: 3f : QSg,(f) = Q(fbs(f))

© Indexing function:
o f:{0,1}" x {0,1}*" — {0,1}.
o f(f7 d) = dy.
@ Proof sketch:
® n<s(f) <fbs(f) <D(f) <n+1.
= fbs(f) = ©(n).
@ Lemma: For RC X x Y, with
o X C sab str(*) Y C sab str(T)
@ mx = maxxex [{y @ (x,y) € R}|
@ my = maxyey [{x: (x,y) € R}|
0 émax = maxxeX,yGY,jG[n+2“]

Hy": (x,¥") € R, x # yi}]
HxX (X y) € R x; # v}

= @Sy = @ (/722 ). [Ambo2]
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Separation: 3f : QSg,(f) = Q(fbs(f))

© Indexing function:
o f:{0,1}" x {0,1}*" — {0,1}.
o f(f7 d) = dy.
@ Proof sketch:
@ n<s(f)<fbs(f) <D(f) <n+1.
= fbs(f) = ©(n).
@ Lemma: For RC X x Y, with
o XC sab str(*) YC sab Str(T)
@ mx =maxwex {y : (x,y) € R} = ()
@ my =maxyey [{x:(x,y) € R} = (})
Q lmax = MaXyxeX,yey je[n+2n]
I{y',: (X’,yl) € R,x # yj}| ,
Hx' (X, y) € Ryxi # v} = max{(3), (n — 1)*}

= @Sy = @ (/722 ). [Ambo2]
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Separation: 3f : QSg,(f) = Q(fbs(f))

. . n bit 21 bit
@ Indedne tuncwion. - ‘001181 01101 0150 011
o 7:{0,1}"x{0,1}* — {0,1}. X = , 1
o f(f7 d) = dp. =L dy
@ Proof sketch: 1 1
C C
©® n<s(f) <fbs(f) <D(f) <n+1. X E fabste() Y S fgpel()
= fbs(f) = ©(n).
@ Lemma: For RC X x Y, with
o XC sab str(*) YC sab str(T)
@ mx = maxwex {y : (x,y) € R} = (})
@ my =maxyey [{x:(x,y) € R} = (}) R
Q lmax = MaXyxeX,yey je[n+2n] - -
Hy' = (x,¥") € R,x; # v}l I 0
WX (X y) € Ryxi # it = max{(}),(n—1)"} 100 0000000 100 00010000
101 0000000 101 00007000
= QS =0 mxmy ) [Amb02 . )
Qs = 0 ((/722). [Amb02 o) =2

© = QSy =Q(n) = Q(be(f))-
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Summary & open questions
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Summary & open questions

Definitions:

o QSstrv QS;":?' QSWGakv stgak'
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Summary & open questions

Definitions:

@ QS QSLY, QSweak QSinei-
Main results:

Q@ QSsr = O(Q)

@ Qs = 0(QD’"?).

@ If : QSsir(f) = Q(fbs(f)).
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Summary & open questions

Definitions: n
Q@ QSer, QSNY, QSueak, QSNY, . /®

weak

Main results:
@ QS = 0(Q).
@ Qs = 0(QD’"?).
Q I : QSer(f) = Q(fbs(f)).

QS'SQ? steak
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Summary & open questions

Definitions: n
(1] QSstry QSind steaky QSind . /®/

str weak

Main results:

Q QSy = O(Q)

@ QSy = 0(QD*?).

@ If : QSsir(f) = Q(fbs(f)).
Open questions:

© Separations between QS, QS"Y, QSyear, QSINY, ?

weak
ind

wea k

Qszzf

@ Quantum upper bounds on QSy.cak or QS

© Composition properties?

Arjan Cornelissen (IRIF) Quantum Sabotage Complexity August 27th, 2024 10/ 10



Summary & open questions

Definitions: n
Q@ QSer, QSNY, QSueak, QSNY, . /®

weak

Main results:

Q QSy = O(Q)

@ asi - 0(QD*?).

@ If : QSsir(f) = Q(fbs(f)).
Open questions:

© Separations between QS, QS"Y, QSyear, QSINY, ?

weak
ind

wea k

Slnd

str

Q

@ Quantum upper bounds on QSy.cak or QS

© Composition properties?

Thanks for your attention!
ajcornelissen@outlook.com
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